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N acute intestinal obstruction, as in the 
majority of surgical emergencies, early 
diagnosis is of utmost importance. All 
else being equal, the earlier the relief of an 
intestinal occlusion, the better is the prog- 
nosis. Van Beuren has aptly stated, ‘‘The 
longer a patient with intestinal obstruction 
lives before operation, the sooner he dies after- 
ward.” Any procedure, therefore, facilitating 
the early diagnosis of this condition which 
yearly claims so many lives should, indeed, 
be more extensively used. 

The roentgen diagnosis of ileus has been 
used much more extensively in the past 5 
years than previously although its true value 
as a diagnostic procedure in ileus, I am sure, 
is not sufficiently appreciated. Obviously, the 
administration of a contrast substance by 
mouth in suspected ileus is contra-indicated, 
and in such instances, only plain roentgeno- 
grams of the abdomen should be obtained. 
The procedure first advocated by Schwarz in 
igit has been used extensively, as evidenced 
by the numerous reports (Assmann, Case, 
Weil, Kloiber, Milhaud, Kolbfleisch, Meyer 
and Brams, Davis, Rabwin, Trémoliéres, 
Zadoc-Kahn, Kwong, Weber, Milligan and 
Simon). The value of plain roentgenograms 
of the abdomen consists of visualization of 
accumulated gas or gas and fluid proximal to 
the point of obstruction. Normally gas is 
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present only in the stomach and in the large 
bowel and when found in the remaining por- 
tions of the intestine indicates the presence 
of either a mechanical or adynamic ileus. The 
relative values of roentgenograms obtained in 
such a way that the junction between gas 
above and fluid below might be visualized and 
those obtained to demonstrate an accumula- 
tion of gas alone have been discussed by many 
authorities. In order to visualize fluid levels, 
i.e., the junction between the fluid below and 
the gas above, it is necessary to obtain the 
roentgenogram by placing the patient, the 
X-ray plate, and the tube in such positions 
that the rays will parallel the surfaces of the 
fluid contained within the intestine. This is 
accomplished by anteroposterior roentgeno- 
grams with the patient in the upright posi- 
tion or with the patient lying on one side or 
lateral roentgenograms with the patient in 
the supine position. Gas accumulation alone 
can be demonstrated on anteroposterior roent- 
genograms taken with the patient in the su- 
pine position. The advantage of the former 
is that the contrast between the gas and fluid 
gives a very definite picture. The advantage 
of the latter is that the usual technique of 
obtaining roentgenograms need not be varied. 
Assman, Case, Weil, Davis, Meyer and Brams, 
Rabwin and Carter, Trémoliéres, Zadoc-Kahn 
and Kwong, Weber, Milligan and Simon are 


1From the Department of Surgery, Tulane University School of Medicine, New Orleans. 
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Simple obstruction of jejunum 


Time 
in hours Horizontal Upright 


Gas | Colon 
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TABLE I.—JEJUNUM 


Gas | Fluid | Colon 


Strangulated obstruction of jejunum 
| 
| 
| Horizontal | Upright 


Gas | Colon | Gas Fluid | Col 


of the opinion that visualization of the gas is 
sufficient and that the demonstration of fluid 
levels is unnecessary. On the other hand, 
Schwarz, Hoesslin, Weil, Bensaude and Gu- 
néaux, Kloiber, Milhaud, Wynen, Kolb- 
fleisch, Martens, Ochsner and Granger con- 
sider the demonstration of fluid levels in 
cases of ileus of sufficient importance to have 
roentgenograms made in such a way that they 
may be visualized. 

Relatively little work has been done to 
determine the time at which X-ray evidence 
of ileus becomes positive. Kloiber believes 
that the accumulation of gas in the intestine 
can be demonstrated roentgenographically 
within 5’ hours after the beginning of ob- 
struction. Case states that within 6 to 8 
hours enough fluid and gas accumulate within 
the bowel proximal to the obstruction to be 
visualized by the roentgen rays. Wangen- 
steen and Lynch found in animals that within 
4 to 5 hours after complete occlusion gaseous 
distention proximal to the obstruction could 
be demonstrated roentgenographically. They 
believed that the accumulation of fluid prox- 
imal to the obstruction was less marked than 
that seen in humans unless the animal was 
given a saline infusion. They also found that 
there was less distention associated with 
strangulated than with simple obstructions. 
Subsequently, Goehl, Lynch, Borman, and 
Wangensteen, working with varying degrees 
of strangulation in isolated intestinal loops 
found that the gas accumulation as demon- 
strated roentgenologically did not occur as 
early as in simple obstruction. This latter 


finding would seem to vitiate the valu oj 
roentgenograms as an early diagnostic _ro- 
cedure in ileus, because it is in strangu! ted 
obstruction that early operative interfer ace 
is especially indicated. It is a well known act 
that the prognosis is much worse and the 
urgency for operative relief is much gr: iter 
in the presence of strangulation than in -im- 
ple obstruction. The value of plain rent- 
genograms of the abdomen in the early « iag- 
nosis of ileus, however, is exemplified by the 
results reported by Rabwin and Carter. The 
mortality rate during the 8 months ‘hat 
roentgenological diagnoses of ileus were jade 
was 23 per cent as compared with 53 per cent, 
37 per cent, and 4o per cent, respectively. for 
similar periods of time in 3 previous yei's. 
In order to determine the relative valves of 
roentgenograms taken in such a way that 
fluid levels might be demonstrated and ‘hose 
taken to visualize the presence of gas lone 
and in order to compare the roentgenog: iphic 
findings in simple and strangulated ilev ., the 
present investigation was undertaken. — wen- 
ty-three dogs were used in the exper nent. 
In 7, obstructions were produced in th jeju: 
num, of which 3 were simple obstructic + and 
4 were strangulated obstructions. The mple 
obstructions were accomplished by 1 htly' 
tying heavy binding tape around ti gut. 
Strangulated obstructions were prod: ed in 
a similar manner but in addition, th: blood 
supply to the bowel proximal to the « =truc 
tion was interfered with by tying  ubber 
bands around the individual vessels 1 the 


1 The tape was not tied tight enough to produce necrosis 
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m: entery, which ultimately resulted in gan- 
gr oc. In 14 animals, obstructions of the 
ile n were produced, 9 of the simple and 5 of 
th strangulated varieties. In 2 animals, a 
str igulated obstruction of the sigmoid was 
Plain roentgenograms of the abdomen 
we made at varying periods of time after 
the production of the obstruction, one with 
the inimal in the upright position, and one 
wit!, the animal in the horizontal position. 
Th obtaining of roentgenograms with the 
animals in the upright and horizontal posi- 
tion. was facilitated by the use of an espe- 
cially constructed animal board previously 


described by Ochsner and Gage. In all, 109. 


observations were made, making a total of 
218 roentgenograms, 109 obtained in the up- 
right and 10g in the horizontal positions. In 
the reading of the plates, the degree of gas or 
fluid accumulation was expressed as varying 
from + to ++ + + +, + representing approx- 
imately 25 per cent and + + + + represent- 
ing gaseous distention of the intestine of the 
entire abdomen. Subsequently these were 
transferred into percentages and are used as 
a basis for the calculations that appear on the 
tables.’ 

In simple obstructions of the jejunum (‘Ta- 
ble I), there were no X-ray evidences of ac- 
cumulation of gas or gas and fluid earlier than 
3 hours after the production of the obstruc- 
tion. However, roentgenograms taken 3 hours 
alter the production of the obstruction were 
positive for gas accumulation (Fig. 1), which 
increased in amount as the time interval in- 
creased. The accumulation of gas apparently 
occurred more rapidly than did the accumu- 
lation of fluid (Table I). As early as 4 hours 
alter the obstruction, there was evidence of 
accumulation of gas in the colon, i.e., distal 
to the point of obstruction, the amount of 
which fluctuated considerably, indicating that 
at times, the gas would be evacuated. In 
general, however, it increased as the time in- 
terval increased. 

In strangulated obstructions of the jejunum 
‘Fig. 11), as early as 1 hour after the produc- 
tion of the strangulated obstruction, there 
Were accumulations of gas, both in the bowel 


*: The perc: ntages so obtained are obviously not absolute but only rel- 
tive and are of value only when used in a comparative study. 


Fig. 1. Roentgenograms taken 4 hours after simple 
obstruction of the jejunum. A, Horizontal position; b, 
upright position. There is an accumulation of gas as shown 
in both roentgenograms but no evidence of fluid levels. 


proximal to the obstruction and also in the 
colon, distal to the obstruction. There were 
no evidences of accumulations of fluid. The 
accumulations of gas increased rapidly in 
amount, much more rapidly than in the sim- 
ple obstructions. As early as 3 hours after 
the production of the obstruction, there were 
evidences of fluid formation, as could be dem- 
onstrated by fluid levels in the roentgeno- 
grams taken in the upright position. The 
gaseous distention of the colon distal to the 
obstruction also increased, but less so than 
that in the bowel proximal to the obstruction 
(Fig. 2). From these results, it is evident that 
in strangulated obstruction of the jejunum, 
X-ray evidence of the obstruction is positive 
as early as 1 hour after the production of the 
obstruction, whereas evidence of simple ob- 
struction does not become positive until 3 
hours after the obstruction. There also oc- 
curred distal to the obstruction, principally 
in the colon, gaseous dilatation, which is prob- 
ably reflex in origin. This was positive in the 
strangulated obstructions as early as 1 hour 
after the obstruction whereas in the simple 
obstructions, it did not occur until 4 hours 
after the obstruction. The roentgenographic 
signs not only occurred earlier but were more 
marked in the strangulated obstructions than 
in simple obstructions of the jejunum (Fig. 3). 
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Fig. 2. Roentgenograms of 3 hour obstructions of the 


jejunum. There is considerably more gas in the stran- 
gulated obstructed gut, B, than in that with simple ob- 
struction, A. In strangulated obstruction, B, there is also 
considerable accumulation of gas in the colon; i.e., distal 
to the point of obstruction. Both roentgenograms were 


made with the animals in the horizontal positions. 


In simple obstructions of the ileum (Table 
II), as early as 1 hour after the obstruction, 
there were X-ray evidences of accumulation 
of gas, both proximal to the point of obstruc- 
tion and in the colon, distal to the obstruc- 
tion. The earliest evidences of fluid accumu- 
lation in simple obstructions were found 3 
hours after the obstruction. The accumula- 
tion of both gas and fluid rapidly increased as 


Fig. 3. Roentgenograms of 7 hour obstructions of the 
jejunum. There is considerably more gas accumulation in 
A (strangulated obstruction) than in B (simple obstruc- 
tion). Both roentgenograms were made with the animals 
in the horizontal positions. 
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Fig. 4. Roentgenograms of strangulated obstruct n of 
the jejunum taken 1 hour after the production of ol) ruc- 
tion. The roentgenogram taken with the animal the 
upright position, A, shows gas accumulation and » eral 
fluid levels, as indicated by the arrows, whereas the jent- 
genogram of the animal taken in the horizontal po. tion, 
B, shows accumulation of gas above. 


the time interval increased. The amou: t oi 
gas accumulation in the colon fluctuated con- 
siderably, probably due to the fact tha’ the 
gas distal to the obstruction was evacw ated 
from time to time. In general, howev«r, it 
also increased as the time interval inerc ised. 
In strangulated obstructions of the i)cum. 
there occurred as early as 1 hour after the 
production of the obstruction, an accuiiula- 
tion of both gas and fluid proximal t» the 
obstruction (Fig. 4). There were no evic ences 
of gas in the colon. The gas and flu'| ac- 
cumulation rapidly increased as the tine in- 
terval increased. It is evident that \\ the 
present investigation X-ray evidence 0 ileus 
(accumulation of gas and fluid) was more 
marked in strangulated obstructions t) in in 
simple obstructions of the ileum (Figs. ; and 
6). There were also greater accumulat ns 0! 
gas and fluid in obstructions of the ileu: than 
in similar obstructions of the jejunum Figs. 
7 and 11). 

In only 2 animals were X-ray obser: ‘tions 
made of strangulated obstructions of * ¢ sit 
moid. In both as early as 1 hour air the 
production of the strangulated obst: ction. 
there was considerable accumulation 
and fluid (more of the former than th: atter 
proximal to the obstruction (Fig. 8 — This 
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5. Roentgenograms of 5 hour obstructions of the 
ileum, both roentgenograms being taken in the upright 
position. A, Strangulated obstruction of the ileum; B, 
simple obstruction of the ileum. There is a much greater 
accumulation of gas and fluid in the strangulated ob- 
structed gut, A, than in the simple obstructed gut, B. In 
the roentgenogram of the animal with strangulated ob- 
struction oc the ileum, A, there is considerable gas accu- 
mulation in the colon that is distal to the point of obstruc- 
tion. 


rapidly increased as the time interval in- 
creased (Fig. 9). In comparing the abdominal 


TABLE II. 


Simple obstruction of ileum 


Time 
in hours 


Gas 


Colon Gas 


DIAGNOSIS OF ILEUS 


Fig. 6. Roentgenograms of 7 hour obstructions of the 
ileum. A, Simple obstruction; B, strangulated obstruction. 
There is a much greater accumulation of both fluid and 
gas in the strangulated obstruction, B, than in the simple 
obstruction, A. 


roentgenograms of animals with obstructions 
of the jejunum, ileum, and sigmoid, it is evi- 
dent that the lower the obstruction, the more 
marked are the roentgenographic findings 
(Figs. 7 and 10). 
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Fig. 7. Roentgenograms of 3 hour strangulated ob- 
structions of the jejunum, A, and ileum, B. There is a 
much greater accumulation of both gas and fluid (indicated 
by arrows) in the obstruction of the ileum, B, than in the 
obstruction of the jejunum, A. Both roentgenograms were 
taken with the animal in the upright position. 


DEDUCTIONS FROM EXPERIMENTS 


The value of roentgenography in the early 
diagnosis of ileus is exemplified by the present 
investigations. Simple obstructions of the 
ileum could be demonstrated roentgenologi- 
cally as early as 1 hour after the onset of the 
obstruction by the accumulation of gas prox- 
imal to the obstruction. It is true that the 
amount of gas present in such simple ob- 
structions within the first hour was relatively 
slight, but it was of sufficient quantity to be 
distinctly abnormal, demonstrating that roent- 
genography as early as 1 hour after the ob- 
struction could be of value clinically as a 
diagnostic procedure. More important, how- 
ever, is the fact that in strangulated ob- 
structions of the jejunum, ileum, and sigmoid, 
there were marked X-ray evidences of the 
obstruction as early as 1 hour after the ob- 
struction, the accumulation of gas being more 
marked than that which was seen in the simple 
obstructions. In the obstructions of the jeju- 
num and ileum, as early as 1 hour after the 
obstruction, there were also accumulations of 
fluid which were not present in simple ob- 
structions of the jejunum. The fact that 
roentgenograms of the abdomen taken 1 hour 
after strangulated obstructions are positive 
is especially significant because as mentioned, 
operative relief of strangulated obstruction 
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Fig. 8. Roentgenograms of strangulated 2 hour ob. -uc- 


tions of the sigmoid. There is an accumulation of ; s in 
both roentgenograms. Fluid levels are visualized i the 
roentgenograms taken in the upright position, A. lhe 
roentgenogram taken in the horizontal position, B, - ows 
the presence of gas even though the plate was taken only 


1 hour after obstruction. 


must be secured earlier and is more impers: ive 
than that of simple obstruction. A si: ple 
obstruction of the bowel in which there |s no 
interference with the blood supply, espec lly 
if the lower portion of the intestine is in- 
volved, offers a relatively good prognosis. 
The urgency for operation is, however, ma- 
terially increased as soon as there is an i: ter- 
ference with the blood supply to the gut. 
These results do not coincide with those ol 
Goehl, Lynch, Borman, and Wangens'ven, 
who found less distention associated with 
strangulated obstructions than with s' ple 
obstructions. The discrepancy in the r-ults 
may be due to the fact that Goehl et al. w. “kei 
with isolated intestinal loops whereas i the 
present investigation, the obstructioi \was 
produced by occluding the intestine and‘ the 
same time interfering with the blood + pply 
in the mesentery, a factor which I feel i- nore 
apt to be encountered clinically, exc: ¢ In 
cases of volvulus and certain cases of | "nla. 
The greater accumulation of gas and {) iin 
strangulated than in simple obstructio — a) 
pears paradoxical, but the explanatio. may 
be as follows: As a result of the inter! ence 
with the blood and also the nerve suj y 
the gut, a local paresis and decreas ab 
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Fig. 9. Roentgenograms of 4 hour strangulated obstruc- 
tions of the sigmoid. There is considerable accumulation of 
gas in both plates, that taken in the upright position, B, 
and that in the horizontal position, A. Fluid levels are 
visualized in the plate taken in the upright position, B. 


sorbability of the bowel probably occurs. Gas 
and fluid from the normal intestine above the 
area of strangulation are forced by peristalsis 
into the dilated paretic portion of bowel 
where they remain because of obstruction and 
diminished absorbability of the intestine. This 
would explain the discrepancy between our 
results and those of Goehl et al., who were 
unable to obtain early evidences of gaseous 
distention of strangulated isolated loops of 
intestine. Ultimately gaseous distention of 
strangulated intestine will occur as the result 
of normal bacterial proliferation and gas pro- 
duction, which however occurs too late to be 
of any diagnostic value. 

It was found in the present investigation 
that the lower the obstruction, the greater 
was the accumulation of gas and fluid (Figs. 
7 and 10). This may be due to the fact that 
asa rule in the lower obstructions, the blood 
supply of a greater length of intestine was 
interfered with than in the higher obstruc- 
tions. Also in the lower obstructions more 
gas, which can be forced into the dilated, pa- 
tetic portion of strangulated bowel, may form 
proximal to the obstruction. It may seem 
that roentgenography is of relatively less 
value in obstructions high in the intestinal 
tract than in low obstructions because the 
X-ray evidences of low obstructions are more 
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Fig. 10. Roentgenograms comparing 4 hour strangu- 
lated obstructions of the sigmoid and ileum. In the stran- 
gulated obstruction of the sigmoid, A, there is a great deal 
more accumulation of gas than in the strangulated obstruc- 
tion of the ileum, B. Both roentgenograms were taken in 
the horizontal positions. 


marked than those of high obstructions. How- 
ever, in the present investigation, it was 
shown that as early as 1 hour after the pro- 
duction of the high strangulated obstructions 
there was sufficient accumulation of gas to 
make a positive diagnosis of ileus. Moreover, 
as early as 3 hours after the production of the 
obstruction, there was in addition, consider- 
able accumulation of fluid. 

The relative values of obtaining roentgeno- 
grams of the abdomen in the routine antero- 
posterior position with the patient in the 
supine position or obtaining them in such a 
way that the fluid levels could be visualized 
has been disputed. The author has always 
felt that roentgenograms demonstrating fluid 
levels are more valuable than those in which 
only accumulations of gas can be shown. In 
the present investigation, however, it is dem- 
onstrated than the accumulation of gas occurs 
earlier and is more marked than is the accum- 
ulation of fluid. It is also evident that the 
earliest roentgenographic findings in_ ileus 
both of the simple and strangulated varieties 
is gaseous dilatation of the bowel proximal to 
the obstruction, which can be demonstrated 
in the roentgenogram taken in the ordinary 
manner. In those obstructions which had 
existed longer than 3 hours, however, there 
was sufficient accumulation of fluid so that 
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3 HOURS 5 HOURS 7 HOURS 


Fig. 11. Graphic representation illustrating the relative 
amounts of gas accumulation in the bowel in simple and 
strangulated obstructions of the jejunum and the ileum, 
as demonstrated roentgenologically at varying periods 
after the production of the obstruction. 


multiple fluid levels could be demonstrated. 
Even though gas accumulated earlier and 
more rapidly than fluid in both simple and 
strangulated intestinal obstructions, the au- 
thor still believes that because, when fluid 
levels can be demonstrated, they produce 
such a typical pathognomonic picture, roent- 
genograms when possible, should be made in 
such a way that fluid levels may be visualized. 
Such roentgenograms can be obtained with 
relatively little difficulty, even in the ex- 
tremely ill patient, either by obtaining a 
lateral roentgenogram with the patient in the 
supine position or an anteroposterior roent- 
genogram with the patient lying on the side. 
In the majority of instances, patients are not 
too ill to assume the sitting position so that 
an anteroposterior roentgenogram can be ob- 
tained. In this way, roentgenograms can 
demonstrate the junction between the fluid 
below and the gas above, which is of diag- 
nostic importance. Even though the obstruc- 
tion is of such short duration that an accumu- 
lation of fluid has not occurred, gaseous dis- 
tention can be visualized on roentgenograms 
taken in this way as readily as in roentgeno- 
grams taken in the ordinary position. 
Significant is the finding that in the major- 
ity of observations in the present investigation 
and in all of those in which the obstruction 
had existed 4 or more hours, there was an 
accumulation of gas in the colon distal to the 
obstruction. This is undoubtedly due to a 
reflex dilatation of the colon. It occurred 


much more frequently in the strangulate | 
obstructions than in the simple obstruction . 
The degree of gaseous distentions varied co 
siderably and did not progressively increa » 
with the time interval as did the amount / 
gas proximal to the obstruction. This w 
probably due to the fact that from time 5 
time, passage of flatus may have occurr. | 
from the colon distal to the obstructic 
Goehl, Lynch, Borman, and Wangenstc » 
observed dilatation of the intestine distal ti a 
strangulated loop of gut and compared it 0 
the paralytic ileus which accompanies px 
tonitis. 
SUMMARY 

1. Plain roentgenograms of the abdome: 
cases of ileus are extremely valuable as n 
early diagnostic procedure. 

2. The earliest roentgenographic evide -¢ 
of obstruction consists of an accumulatio: of 
gas proximal to the point of obstruction. ( 1s 
accumulation occurred earlier and was mre 
marked than was fluid accumulation. 

3. In simple obstructions of the jejun.m 
as early as 3 hours and in strangulated «\})- 
structions of the jejunum as early as 1 hour 
after the onset of obstruction, there » as 
sufficient gas accumulation to diagnose i! us 
roentgenologically. 

4. In both simple and strangulated \b- 
structions of the ileum, there was suffici-nt 
accumulation of gas as early as 1 hour « ‘er 
the production of the obstruction to mike 
possible a positive X-ray diagnosis. Howe. cr, 
the accumulation of gas and fluid was ore 
marked in strangulated than in simple »b- 
structions. 

5. The accumulations of gas and ud 
were apparently greater the lower the si of 
obstruction, and were more marked in 
gulated than in simple obstructions. 
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THE APPLICATION 


HE subject which I have selected to 
discuss in this the fourth annual Arthur 
Dean Bevan lecture seemed to me a 
particularly appropriate one because much of 
the pioneer work which has attracted atten- 
tion to the possibility of the surgical relief of 
this condition has been done by those who 
have in some way been identified with this 
city (Chicago). I refer especially to the careful 
and painstaking work of Rollin Woodyatt on 
sugar metabolism, to the important cytolog- 
ical investigations of Bensley, and finally to 
the careful study by Russell Wilder of a case 
of carcinoma of the islands of Langerhans 
which was associated with evidence of hypo- 
glycemia. My particular reason, however, for 
selecting this subject was the fact that in the 
last few years at the Barnes Hospital we have 
had the unusual experience of encountering 6 
cases of proved tumor of the islet tissue. In 3 
of these the patients were operated upon with 
successful results, and in the 3 others in which 
no operation was performed the tumors were 
found at autopsy. In addition the material 
obtained at an autopsy at another hospital 
has been studied by our department of pa- 
thology. 

Before the discussion of the subject in detail 
it may be well briefly to review our current 
conceptions of the regulation of the sugar in 
the blood. The sugar equilibrium is main- 
tained by the counterplay, under nervous 
control, of a number of factors of which the 
secretions of several glands are perhaps the 
most important. Insulin from the islands of 
Langerhans of the pancreas tends to diminish 
the amount of blood sugar; and, on the other 
hand, the secretions from the medulla of the 
adrenal gland, from the anterior lobe of the 
pituitary’, and from the thyroid all tend to 

2 Ordinary commercial pituitary extract which is made mostly from 
the posterior lobe also increases the blood sugar. The action of adrenalin 


is supposed to be due to the liberation of sugar from glycogen stored in 
the liver. 


‘This paper was given by the senior author as the fourth annual Arthur Dean Bevan Lecture before the Chicago Surgical Soci¢ 
Chicago Institute of Medicine on December 16, 1932. 
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increase it. Despite the antagonistic actior 
several forces the amount of the blood su ir 
in normal fasting individuals, that is bei re 
breakfast, does not vary greatly but is usu: ly 
found to be about o.10 per cent, or about 0 
milligrams of sugar in 100 cubic centime: rs 
of blood. 

The introduction of insulin as a therape ‘ic 
agent was soon followed by dramatic den 1n- 
strations of the danger which may arise i: »m 
reducing the amount of the blood sugar 00 
far below the normal level. According! a 
syndrome of hypoglycemia has become re: »g- 
nized. The clinical manifestations of this . n- 
dition are numerous. It is necessary to 1) cn- 
tion some of these in order to understand ‘he 
picture presented by an active tumor oi! the 
islands of Langerhans. 

The most commonly observed sympi ms 
of hypoglycemia are a feeling of malaise. |as- 
situde, inability to perform mental or phy-ical 
work, often accompanied by trembling and 
sweating. The face may be alternately jale 
and flushed. There may be a fall in tem) cra- 
ture. Simultaneously with these symp!oms 
there is usually a sensation of hunger w hich 
may be extreme and even agonizing. Ca‘!son 
and his associates have shown that |\po- 
glycemia is associated with violent cor rac- 
tions of the stomach. One of Harris _ pa- 
tients states that he felt as if he would ic i/ 
he could not have food immediately. \ .wn- 
ing and mental confusion often accon any 
the sensation of severe hunger. The ulse 
is usually accelerated. But some of the nost 
important and striking symptoms are 1 ited 
to the nervous system. Mental con: -ion. 
resembling alcohol intoxication, is ver, 0m- 
mon, and crises resembling epileptic ¢ \vul- 

sions have been noted so often that t! first 
diagnosis made in several of the re rted 
cases of island tumors has been that | epl- 


lepsy. In most cases, however, it « 1) be 
nd the 


« 
( 
0 
il 
n 
se 
ol 
be 
hy 
or 
pr 
ch 
pr 
; tre 
re} 
We 
alt 
is. 
ha 
cer 
hy; 
wil 
hoy 
sug 
mill 
the 
any 


; ted that the crises are different from those 
« true epilepsy of the grand mal type. Sig- 
\ dd in a recent excellent monograph on 
) poglycemia states, ““Most often these at- 
t ks are partial, limited, intermittent, and 
i) egular; the contractures have abnormal 
¢ aracteristics; one can observe hysteriform 
c: ses with contracture in the arc of a circle 
ad great agitation, or tetaniform crises with 
» rmanent contracture in opisthotonus or in 
ai other attitude. These extensive convulsions 
diserve the name of ‘epileptiform crises’.”’ 
Convulsions limited to one side of the body 
and even to the face or to the extremities 
have been recorded. Amnesia is another 
common symptom of great value. The pa- 
tients seldom remember what they have done 
or said during the periods of mental and psy- 
chic abnormality. In some cases even localiz- 
ing signs of disorder of the central nervous 
system, such as a Babinski sign, disturbances 
of the pupils, etc., have been noted in con- 
nection with the hypoglycemic state. In the 
more severe cases, coma is frequently ob- 
served. It is unnecessary to enumerate all 
of the various clinical phenomena which have 
been found to be associated with a state of 
hypoglycemia. It is important, however, to 
emphasize that in many cases the neurological 
or psychiatric aspects of the condition are so 
prominent that many of the patients with 
chronic hypoglycemia have been referred 
primarily to neurologists and psychiatrists for 
treatment. Sigwald refers to several recent 
reports of chronic psychoses in patients who 
were taking insulin which disappeared at once 
alter the cessation of insulin treatment. It 
is interesting also that repeated observations 
have been made of hemorrhages into the 
central nervous system in severe induced 
hypoglycemia. This observation perhaps has 
a special bearing on one of our cases which 
will be noted later. 

There is, of course, no definite level of the 
blood sugar at which the symptoms of hypo- 
glycemia are likely to appear. In general, 
however, the most severe manifestations are 
associated with the lowest findings of blood 
‘ugar. When the blood sugar diminishes to 50 
milligrams or less per too cubic centimeters, 
the eflects are likely to be severe. 
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Apparently the first suggestion of the pos- 
sibility that the blood sugar might be ex- 
cessively lowered spontaneously by an ab- 
normal activity of the islet tissue of the 
pancreas was made by Seale Harris of Bir- 
mingham, Alabama, in 1924, in a paper en- 
titled “Hyperinsulinism and Dysinsulinism.”’ 
In this paper he reported 12 patients with 
blood sugar values of less than 70 milligrams, 
nearly all of whom presented many of the 
symptoms which have already been described 
as those associated with hypoglyca mia. Since 
one does not find such low blood sugar values 
in starvation, he concluded that probably 
they represented an expression of spontaneous 
hyperinsulinism. Jonas in the following year 
added another case in which, because the 
most striking symptoms were epileptiform, 
the patient was sent to an institution for 
epileptics and died there. This same case was 
later reported by Hartman. 

The most striking evidence, however, of the 
occurrence of hyperinsulinism or dysinsulin- 
ism was presented in 1927 in the important 
report by Wilder, Allan, Power, and Robert- 
son of their dramatic case. This concerned a 
man, 40 years old, who for more than 2 years 
had had attacks consisting of syncope, par- 
wsthesia of the tongue and lips, asthenia, 
sweats, and trembling. These attacks oc- 
curred just before a meal or after unaccus- 
tomed exercise, and the patient had discovered 
that he could escape them by taking food or 
sweetened drinks. On one occasion he was 
comatose for a couple of hours and had been 
revived by injections of adrenalin and of 
dextrose. A sugar tolerance test showed a 
rise from 85 to 215 milligrams per cent at the 
end of a half hour and then a fall to 31 
milligrams per cent three hours later. Finally 
it was calculated that this patient required 
as much as 25 grams of dextrose per hour 
to avoid his attacks. An exploratory opera- 
tion by W. J. Mayo revealed a large nodular 
pancreas with metastatic tumors in the liver. 
From tissue recovered at autopsy a month 
later the tumor was found to be a primary 
carcinoma of the islands of Langerhans, and 
it was found to contain as much as 4o units 

of insulin to 100 grams of tumor. In the fol- 
lowing year (1928) Thalhimer and Murphy 
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Fig. 1. Low power view of tumor with adjacent pancreas 
tissue. Note the lobulated appearance of the tumor and 
the tendency toward encapsulation. (Barnes Hospital, 
Case 2.) 


reported the case of a woman 57 years of 
age with typical severe symptoms of hypo- 
glycemia in whom at postmorten examina- 
tion there was found at the junction of the 
body with the tail a tumor of the pancreas 
1.5 centimeters in diameter which was con- 
sidered to be a carcinoma of islet tissue of 
low malignancy by the authors themselves as 
well as by Robertson, Wilder, and Bensley 
all of whom examined the sections. The tumor 
was well demarcated and was incompletely 
surrounded by a capsule of connective tissue. 
Nevertheless, it seemed to invade the sur- 
rounding pancreatic tissue. 

The first successful operative removal of a 
pancreatic tumor producing symptoms and 
signs of hypoglycemia was the case reported 
in 1929 by Howland, Campbell, Maltby, and 
Robinson of Toronto. This patient, 52 years 
of age, who had had symptoms of dysin- 
sulinism for 6 years, had an encapsulated 
tumor in the body of the pancreas which was 
easily removable. The symptoms were com- 
pletely relieved and the blood sugar was 
restored to a normal level. From the micro- 
scopic examination the authors considered 
this tumor to be a carcinoma. 

The three cases just described were all 
thought to be carcinomata. There is now, 
however, good reason to think that benign 
adenomata of the islet tissue are capable of 
producing the characteristic clinical features 
of hypoglycemia although there are some 
adenomata which are not accompanied by 
this condition. In 1926, Warren collected 16 
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cases of adenoma and added 4 more from hi. 
own study of autopsy material. Microsco}) 
ically these tumors showed a resemblance 1: 
normal islet tissue in the arrangement an 
appearance of the cells, an absence of mitot - 
figures, by the presence of a definite capsul. . 
and by compression of the contiguous pa) 
creatic tissue. Apparently, however, none | / 
these cases had been studied clinically wi’ 
reference to the possible presence of eviden 
of hypoglycemia. Lloyd, in 1929, reported 1 
case of adenoma without hypoglycemia fou: | 
at autopsy, but this case was complicat | 
by the presence of a tumor of the hypophy  s 
and of the parathyroid glands. More recen! y 
Drs. Margaret Smith and Marshall Seibel if 
the department of pathology of Washingt n 
University have reported on 4 cases in wh h 
an adenoma was found at autopsy. In «© ¢ 
of these cases hypoglycemia was present | it 
because the patient also had syphilis of + 1¢ 
central nervous system the latter condit \n 
was thought sufficient to explain his men al 
symptoms. Accordingly, the presence of | ie 
pancreatic adenoma was unsuspected. In he 
second case in which the pancreatic adeno na 
was incidental to a primary carcinoma of ‘he 
liver there had been no clinical evidence of 
hypoglycemia, although no determination- of 
the blood sugar had been made. In the third 
case the autopsy had been performed by |)r. 
Rabinovitch at the Missouri Baptist Hos} tal 
on a man, 50 years of age, who had Iven 
operated upon for acute intestinal obst:uc- 
tion. No obstruction was found but inst«ad 
a gall bladder filled with stones. Death oc- 
curred soon after the operation. No od 
sugar analyses had been made. It is inte. st- 
ing, however, that subsequently it was lea’ ic( 
from the family that the patient had 
regarded as mentally defective for a nur ber 
of years because of periods of loss of men >ry. 
The fourth case was a negress, 48 years ld, 
who entered the Barnes Hospital with « ute 
lobar pneumonia and with severe dial) ‘es. 
Several days after the crisis sudden « ath 
occurred from a pulmonary embolus 
ing in a femoral vein. At the autops: the 
pancreas was found to be smaller than no nal. 
On the anterior surface of about the cen rol 
the body of the organ was a well encapsi. ited 
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lig. 2. Section taken through a very cellular portion of 


the tumor. Most of the cells seen are similar to the so 


called beta cells of the islands of Langerhans both in struc- 
ture and function. (Barnes Hospital, Case 2.) 

Fig. 3. Section which was taken through a more mature 
portion of the tumor. The appearance in this section is 


nodule which measured 1 centimeter in diam- 
eter. The authors, as well as Dr. Bensley 
who also examined the tissue, believe from 
the microscopic appearance that it is a true 
tumor and not merely a hypertrophic island. 
Because of their inability to demonstrate 
either alpha or beta granules in the cells it 
was decided that this was not an active 
tumor. Certainly there was no clinical evi- 
dence of activity because the patient had 
severe diabetes instead of hypoglycemia. 
Thus of the 4 cases, one was definitely asso- 
ciated with hypoglycemia, another had symp- 
toms suggestive of it, a third had no clinical 
evidence of it but the amount of the blood 
sugar had not been determined, and in the 
fourth the patient had severe diabetes instead 
of hypoglyca mia. 

In 1928, MacClenahan and Norris had re- 
ported their very definite case of adenoma 
associated with severe signs and symptoms 
of hypoglycamia in a man 42 years old. At 
autopsy the tumor which was 1.6 centimeters 
in diameter was found to be plainly encap- 
sulated. There were no mitotic figures and the 
cells for the most part resembled beta cells of 
normal islands. Neighboring pancreatic tissue 
showed some hypertrophied islands. 


that of collagenous connective tissue. (Barnes Hospital, 
Case 2.) 

Fig. 4. Connective tissue has become more abundant 
with an apparent disappearance of many of the tumor 
cells. This probably represents the oldest phase of the 
adenoma. (Barnes Hospital, Case 2.) 


Since October, 1930, 3 patients have been 
successfully operated on at the Barnes Hos- 
pital for the removal of active tumors of islet 
tissue associated with marked evidence of 
hypoglycemia. 


The first case, which has been reported by Carr, 
Parker, Grove, Fisher, and Larimore, concerned a 
young man of 19, a student at a military school who 
was referred to the neurologic service of Dr. Carr 
by a physician who diagnosed the case as one of 
epilepsy because of repeated convulsive attacks 
which had been present for a year. It was note- 
worthy that these attacks occurred usually before 
breakfast. Under the strict discipline of a military 
school these attacks had been especially conspicuous, 
and even on occasions when there was no convulsive 
seizure the boy was often noted to act queerly while 
getting dressed and at the breakfast table. On 
several occasions he had been subjected to disci- 
plinary measures. On one occasion he slept for 
36 hours. At another time he drove an automobile 
in the streets of a large city, became involved in 
an accident, and had no recollection afterward of 
what had happened. When he recovered from the 
various attacks he was always ravenously hungry. 
Food, especially sweets, seemed to prevent the 
attacks. Blood taken during one of his attacks 
in the hospital showed only 44 milligrams of sugar 
per 100 cubic centimeters. A diagnosis of a probable 
islet tumor was made. Accordingly at operation 
on October 22, 1930, Dr. A. O. Fisher removed a 
well encapsulated adenoma from the upper, posterior 
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Fig. 5. Low power view of the tumor removed at the 
first operation. This was probably much older than the 
second tumor removed from the same patient later. See 
text for discussion of it. (Barnes Hospital, Case 3.) 


border of the pancreas at about its midportion. 
The tumor was somewhat larger than most of those 
which have been described, measuring 2 centimeters 
in long diameter. The postoperative course was 
uneventful, the blood sugar was promptly restored 
to a normal level, and the patient’s symptoms have 
been entirely relieved. 

Our second operative case has also been separately 
reported. It concerned a farmer, aged 44 years, 
who had been in good health until October, 1920. 
One morning at this time he noticed that while 
doing his chores about the farm before breakfast 
he became mentally confused. He described the 
symptoms as similar to those of alcoholic intoxica- 
tion. After eating breakfast he felt normal again. 
His next attack was early in the morning about 
1 week later, when he noticed the same sort of feel- 
ing. Attacks began to be more frequent and a little 
more severe. Early in December, 1929, he had his 
first very severe attack, at which time he became 
unconscious and had to be carried into the house. 
He was given food and in a few moments was feeling 
normal again. His memory as to what took place 
during this seizure was considerably confused. He 
consulted his family physician, who could find 
nothing abnormal on physical examination. During 
the next 2 months the patient was examined at two 
different clinics, where the diagnosis of a possible 
brain tumor was made. He was given phenobarbital, 
with no improvement. He now began having attacks 
before rising in the morning, during which, accord- 
ing to his wife, he became much confused, spoke 
at random, and at times fell from his bed. She also 
noticed twitching movements, especially about the 
face. There were never any generalized convulsions. 
At another clinic it was found that he had a patho- 
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logical condition of the gall bladder, and this orgs 
was removed along with the appendix. There w. s 
no amelioration of the symptoms. It was at th s 
time that his wife noticed that, if she fed him sever | 
times at night, his attacks could be prevented. | 
also began carrying candy around in his pock« s 
during the day and noticed that frequent eati » 
of it prevented the seizures. He was referred to s 
in January, 1931, for study. Drs. Womack a | 
Gnagi had made a tentative diagnosis of an is | 
tumor on the basis of the patient’s history bei. e 
he entered the Barnes Hospital for study. 

General physical examination gave entirely n¢ 
tive results. The blood pressure was 128 syst. ic 
and 74 diastolic. There were no positive neurolog || 
observations. The disks were normal, as were \¢ 
visual fields. Roentgenograms of the skull \ se 
indeterminate. The basal metabolism rate was is 
3 per cent. The urine was normal; red blood \ |s 
5,230,000, and white blood cells 6,600. The {- 
ferential count was normal. Hemoglobin wa jo 
per cent. The Wassermann and Kahn react js 
of the blood were both negative. Phenolsulph e- 
phthalein excretion was 80 per cent in 2 hi rs. 
The blood amylase determination by Elm 1's 
method was 7.5 units (5 units normal). B ood 
non-protein nitrogen was 27 milligrams per hun: ‘ed 
cubic centimeters. 

The patient was given his regular evening ») cal. 
This was followed by 200 cubic centimeters of nilk 
at 7 p.m. and 200 cubic centimeters of sweet: ned 
grape juice at 9 p.m. He was not given any | vore 
food that evening. At 6:15 a.m. he was foui! to 
be awake. His face was expressionless, his |) :pils 
somewhat dilated and, though he answered \ hen 
spoken to, his answers were incoherent. There was 
a generalized coarse tremor and the respira‘ions 
were mildly Biot in character. A specimen of | lood 
was taken for a sugar determination. The ps tient 
was then given 120 grams of dextrose by mouth 
(estimated weight 150 pounds or 68 kilogrims). 
Ten minutes after receiving the dextrose hi was 
again alert and did not remember any of th: pre- 
ceding events. No more food was given and_lood 
specimens were taken at hourly intervals. the 
end of 7 hours he again became slightly cor ‘sed: 
he began to perspire; it was noted that the r ‘exes 
were slightly hyperactive. He soon present: — the 
same clinical picture that he had presented lier 
in the morning, and further food was given vith 
immediate relief. The foregoing description | hat 
of a fairly typical attack and was obsery, on 
several occasions. 

The reaction to epinephrine was found ta 
definite one. The patient was temporarily r ved 
of his confused state and showed at the sam ‘me 
a rise in blood sugar. 

The reaction of pituitary extract was delay: ind 
irregular, though there was a slight rise in 004 
sugar. 

February 4, a laparotomy was performed ..\. 
G.) The pancreas was exposed through the » ‘re 
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power. 
Fig. 7. 
fect lobules. (Barnes Hospital, Case 3.) 


(Barnes Hospital, Case 3.) 


colic omentum, and at about the junction of the 
body with the tail on the anterior surface a small 
tumor was seen, about one centimeter in diameter. 
It showed through the posterior peritoneum as a 
dark spot suggestive of a small haemorrhagic area. 
It felt firm. When the peritoneum was incised it was 
found that the tumor could not be shelled out of the 
pancreatic tissue, and it was therefore necessary to 
dissect it out with a small margin of normal pan- 
creatic tissue around it. Before this was done, a 
pursestring suture was placed in the substance of the 
pancreas in order to control hemorrhage. The ves- 
sels in the region of the tumor were all enlarged. The 
edges of the tumor bed were brought together, and 
the peritoneum was then closed over. A small rub- 
ber drain was placed over this and brought out 
through the left side of the abdomen by means of a 
stab wound. 

Convalescence was somewhat stormy at first. 
Immediately after the operation a pulmonary infec- 
tion developed which, however, was not very severe. 
On the second day after operation there was a fairly 
rapid edema of the lungs. The patient was placed 
inan oxygen tent and given atropine. His condition 
improved rapidly. A pancreatic fistula developed 
several days later. This did not cause any skin ex- 
‘oriation and was rapidly closing at the time he left 
the hospital. Since his operation he has not had any 
more attacks, although his diet has been one con- 
aining no more carbohydrate than that of a normal 
‘ndividual. Fasting for 12 hours has failed to bring 
onan attack. In fact, the blood sugar at this time 
‘as gg milligrams per hundred cubic centimeters. 
\t no time since operation has it been lower than 
‘his. We saw this patient again in December, 1932, 


lig. 6, left. Second tumor from same patient as Figure 5. Imperfectly formed 
lobules and sinuous cords of epithelioid cells. Haematoxylin and cosin stain. High 


Mallory stain showing the connective tissue dividing the tumor into imper 


nearly 2 years after his operation. He was in excel- 
lent health and he stated that he had had no further 
attacks of his former trouble. 

We were fortunate in being able to submit the 
tumor tissue to Prof. R. R. Bensley of the Univer- 
sity of Chicago, who was present at the time as a 
visiting professor of anatomy in Washington Uni- 
versity. Dr. Bensley is recognized as an authority 
on the cytology of the pancreas. Excerpts from his 
report follow: ‘While examination of the fresh cells 
was in progress, another portion of the fresh ma- 
terial was stained with neutral red in a 1:10,000 con- 
centration in physiological solution of sodium 
chloride. It should be remarked that, when normal 
islands of Langerhans are so treated, the minute 
granules which the cells contain stain rapidly a 
bright yellowish red color with the neutral red. The 
cells of the tumor showed, with the neutral red, a 
curious reaction, which was observed also in the case 
reported by Carr, Parker, Grove, Fisher, and Lari- 
more. In that case the granules in groups of cells 
stained intensely with neutral red, while other groups 
of cells, clearly containing granules, failed to stain. 
Other cells of the same tumor showed scattered 
granules, staining with neutral red, dispersed among 
other granules which failed to stain. 

“*T was of the opinion when I examined this first 
tumor that the failure of the neutral red to stain 
every cell was due to the mechanical difficulty of 
penetration of the dye, but the examination of the 
present tumor, in which by the experience gained in 
the study of the first it was possible to take precau- 
tions to avoid this, indicates that in both tumors 
there are granules present which stain readily with 
neutral red and other granules which do not stain 
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Fig. 5. Low power view of the tumor removed at the 
first operation. This was probably much older than the 
second tumor removed from the same patient later. See 


text for discussion of it. (Barnes Hospital, Case 3.) 


border of the pancreas at about its midportion. 
The tumor was somewhat larger than most of those 
which have been described, measuring 2 centimeters 
in long diameter. The postoperative course was 
uneventful, the blood sugar was promptly restored 
to a normal level, and the patient’s symptoms have 
been entirely relieved. 

Our second operative case has also been separately 
reported. It concerned a farmer, aged 44 years, 
who had been in good health until October, 1920. 
One morning at this time he noticed that while 
doing his chores about the farm before breakfast 
he became mentally confused. He described the 
symptoms as similar to those of alcoholic intoxica- 
tion. After eating breakfast he felt normal again. 
His next attack was early in the morning about 
1 week later, when he noticed the same sort of feel- 
ing. Attacks began to be more frequent and a little 
more severe. Early in December, 1929, he had his 
first very severe attack, at which time he became 
unconscious and had to be carried into the house. 
He was given food and in a few moments was feeling 
normal again. His memory as to what took place 
during this seizure was considerably confused. He 
consulted his family physician, who could find 
nothing abnormal on physical examination. During 
the next 2 months the patient was examined at two 
different clinics, where the diagnosis of a possible 
brain tumor was made. He was given phenobarbital, 
with no improvement. He now began having attacks 
before rising in the morning, during which, accord- 
ing to his wife, he became much confused, spoke 
at random, and at times fell from his bed. She also 
noticed twitching movements, especially about the 
face. There were never any generalized convulsions. 
At another clinic it was found that he had a patho- 
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logical condition of the gall bladder, and this orga: 
was removed along with the appendix. There wa 
no amelioration of the symptoms. It was at th 
time that his wife noticed that, if she fed him sever. | 
times at night, his attacks could be prevented. | 
also began carrying candy around in his pock« 
during the day and noticed that frequent eati: : 
of it prevented the seizures. He was referred to. 
in January, 1931, for study. Drs. Womack a: | 
Gnagi had made a tentative diagnosis of an is 
tumor on the basis of the patient’s history bef 
he entered the Barnes Hospital for study. 

General physical examination gave entirely ne 
tive results. The blood pressure was 128 syst: 
and 74 diastolic. There were no positive neurolog: | 
observations. The disks were normal, as were 
visual fields. Roentgenograms of the skull 
indeterminate. The basal metabolism rate was; s 
3 per cent. The urine was normal; red blood «  s 
5,230,000, and white blood cells 6,600. The 
ferential count was normal. Hemoglobin wa: o 
per cent. The Wassermann and Kahn react. ‘s 
of the blood were both negative. Phenolsulph: c- 
phthalein excretion was 80 per cent in 2 ho ‘s. 
The blood amylase determination by Elm. \’s 
method was 7.5 units (5 units normal). B! od 
non-protein nitrogen was 27 milligrams per hun: ed 
cubic centimeters. 

The patient was given his regular evening 1 «al. 
This was followed by 200 cubic centimeters of ilk 
at 7 p.m. and 200 cubic centimeters of sweet: ned 
grape juice at 9 p.m. He was not given any ‘ore 
food that evening. At 6:15 a.m. he was foun! to 
be awake. His face was expressionless, his }) :pils 
somewhat dilated and, though he answered » hen 
spoken to, his answers were incoherent. There was 
a generalized coarse tremor and the respira‘ions 
were mildly Biot in character. A specimen of | lood 
was taken for a sugar determination. The pi tient 
was then given 120 grams of dextrose by mouth 
(estimated weight 150 pounds or 68 kilogr:ms). 
Ten minutes after receiving the dextrose hi was 
again alert and did not remember any of th: pre- 
ceding events. No more food was given and | ood 
specimens were taken at hourly intervals. \ the 
end of 7 hours he again became slightly con’ sed: 
he began to perspire; it was noted that the r exes 
were slightly hyperactive. He soon present: the 


same clinical picture that he had presented \ lier 
in the morning, and further food was given ith 
immediate relief. The foregoing description | hat 


of a fairly typical attack and was observ: = on 
several occasions. 

The reaction to epinephrine was found 
definite one. The patient was temporarily re ed 
of his confused state and showed at the sam: = me 
a rise in blood sugar. 

The reaction of pituitary extract was delaye nd 
irregular, though there was a slight rise in 04 
sugar. 

February 4, a laparotomy was performed ..\ 


G.) The pancreas was exposed through the 
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Fig. 6, left. Second tumor from same patient as Figure 5. Imperfectly formed 
lobules and sinuous cords of epithelioid cells. Haematoxylin and eosin stain. High 


power. (Barnes Hospital, Case 3.) 
Fig. 7. 
fect lobules. (Barnes Hospital, Case 3.) 


colic omentum, and at about the junction of the 
body with the tail on the anterior surface a small 
tumor was seen, about one centimeter in diameter. 
It showed through the posterior peritoneum as a 
dark spot suggestive of a small haemorrhagic area. 
It felt firm. When the peritoneum was incised it was 
found that the tumor could not be shelled out of the 
pancreatic tissue, and it was therefore necessary to 
dissect it out with a small margin of normal pan- 
creatic tissue around it. Before this was done, a 
pursestring suture was placed in the substance of the 
pancreas in order to control haemorrhage. The ves- 
sels in the region of the tumor were all enlarged. The 
edges of the tumor bed were brought together, and 
the peritoneum was then closed over. A small rub- 
ber drain was placed over this and brought out 
through the left side of the abdomen by means of a 
stab wound. 

Convalescence was somewhat stormy at first. 
Immediately after the operation a pulmonary infec- 
tion developed which, however, was not very severe. 
On the second day after operation there was a fairly 
rapid oedema of the lungs. The patient was placed 
in an oxygen tent and given atropine. His condition 
improved rapidly. A pancreatic fistula developed 
several days later. This did not cause any skin ex- 
coriation and was rapidly closing at the time he left 
the hospital. Since his operation he has not had any 
more attacks, although his diet has been one con- 
taining no more carbohydrate than that of a normal 
individual. Fasting for 12 hours has failed to bring 
onan attack. In fact, the blood sugar at this time 
was og milligrams per hundred cubic centimeters. 
\t no time since operation has it been lower than 
this. We saw this patient again in December, 1932, 


Mallory stain showing the connective tissue dividing the tumor into imper 


nearly 2 years after his operation. He was in excel- 
lent health and he stated that he had had no further 
attacks of his former trouble. 

We were fortunate in being able to submit the 
tumor tissue to Prof. R. R. Bensley of the Univer- 
sity of Chicago, who was present at the time as a 
visiting professor of anatomy in Washington Uni- 
versity. Dr. Bensley is recognized as an authority 
on the cytology of the pancreas. Excerpts from his 
report follow: ‘While examination of the fresh cells 
was in progress, another portion of the fresh ma- 
terial was stained with neutral red in a 1:10,000 con- 
centration in physiological solution of sodium 
chloride. It should be remarked that, when normal 
islands of Langerhans are so treated, the minute 
granules which the cells contain stain rapidly a 
bright yellowish red color with the neutral red. The 
cells of the tumor showed, with the neutral red, a 
curious reaction, which was observed also in the case 
reported by Carr, Parker, Grove, Fisher, and Lari- 
more. In that case the granules in groups of cells 
stained intensely with neutral red, while other groups 
of cells, clearly containing granules, failed to stain. 
Other cells of the same tumor showed scattered 
granules, staining with neutral red, dispersed among 
other granules which failed to stain. 

‘“‘T was of the opinion when I examined this first 
tumor that the failure of the neutral red to stain 
every cell was due to the mechanical difficulty of 
penetration of the dye, but the examination of the 
present tumor, in which by the experience gained in 
the study of the first it was possible to take precau- 
tions to avoid this, indicates that in both tumors 
there are granules present which stain readily with 
neutral red and other granules which do not stain 
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_ Fig. 8. The close approximation of the duct and islet 
tissue in the vicinity of the central core. (Barnes Hospital, 
Case 3.) 

Fig. 9. Higher magnilication of a portion of the same 


with neutral red. In the tumor now under descrip- 
tion, scattered cells, not in groups, stained exactly 
as a normal beta cell of the islands of Langerhans 
stains; that is to say, the cells were packed with 
granules which stained brightly with neutral red. 
These cells did not occur in groups, as in the Carr, 
Parker, Grove, Fisher, Larimore case, but were in- 
dividual. Many cells contained scattered neutral 
red stained granules mingled with granules of about 
equal size which refused to stain, but the majority 
of the cells contained granules which stained only 
faintly with neutral red. 

“Two other observations were noted in all the 
cells of the tumor: a few granules, about the size of 
a zymogen granule, in the pancreatic acinus, more 
highly refractive than the regular granules and 
staining brightly with neutral red; a few cells con- 
tained rather indefinitely outlined amorphous bodies 
which stained rather faintly with neutral red. As the 
preparation became old, the cells behaved like island 
cells under similar circumstances; vacuoles formed 
in the cytoplasm, and the granules disappeared. 

“The tumor was slightly irregular in outline and, 
as already mentioned, was not encapsulated. At 
portions of the surface it was separated by broad 
strands of collagenous -connective tissue from the 
neighboring pancreatic lobules, but at other points 
it was actually in contact with pancreatic tissue, and 
at one point in the tumor the pancreatic acinus tis- 
sue was not only in contact with the tumor tissue 
but was actually in epithelial continuity with it. 

“The substance of the tumor itself was imper- 
fectly divided into lobular masses by heavy strands 
of collagenous connective tissue. In these bands, 
portions of pancreatic ducts were seen and, in addi- 
tion, masses which presented the appearance found 
in lobules of a pancreas whose ducts have been 
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area as that seen in preceding figure. (Barnes Ho ital, 
Case 3.) 
Fig. 10. Cytoplasmic inclusions. (Barnes Ho ital, 


Case 3.) 


ligated. In the latter masses, regenerated « inus 
cells, such as those which have been describ: | by 
Grauer in his account of regeneration in the )an- 
creas of the rabbit, were to be seen. There we: also 
present in this tissue small and large groups © nor- 
mal island cells, also probably of recent origin 

‘The acinus cells seen in these complexe. had 
evidently arisen by differentiation from duc’ epi- 
thelium, since they presented all grades of ac ance 
in the regenerative processes, as follows: (1. indi- 
vidual acinus cells surrounded on all sides by duct 
epithelium; (2) groups of two or three acinus cells, 
and (3) well individualized small acini. Ducts were 
in many places continuous with the epithelial asses 
of the tumor itself. The tumor tissue pre-cnted 
different aspects in its different parts, and the-e dif- 
ferent aspects I conceive to be the different -tages 
in the progress of this growth. 

“One lobe separated from the others by ~ rands 
of connective tissue presented the appearan: of an 
enormous, overgrown island of Langerhans, « cept, 
as appeared later, for the fact that the cell- vhich 
composed it were not normal island cells 0! —ither 
category but abnormal tumor cells of islan: ‘efer- 
ence.. This portion of the tumor consisted © inas- 
tomosing cords of epithelial cells separated | wide 
sinusoidal capillaries, the endothelium of wh) was 
almost in contact with the epithelial groups, —mini- 
mum of reticular connective tissue being int: osed. 

“In the adjacent portion of the tumor | © pro- 
liferation of the epithelial elements had excee 1 the 
rate of growth of the vascular components. id in 
this portion of the tumor an extraordinari large 
mass of epithelium was traversed only by « ormal 
number of capillary blood vessels, and these owed 
a tendency to become separated from the ¢ _ helial 
elements by an increase in the layer of co: ective 
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tissue outside of the endothelial tube. In some of 
these cellular masses there was a breakdown of cells, 
forming spaces containing scattered necrotic epi- 
thelial cells and much blood, the blood vessels hav- 
ing evidently ruptured into the space provided by 
the death and dissolution of the epithelial cells. 

“In the third section of the tumor an appearance 
which approached that in the Carr, Parker, Grove, 
Fisher, Larimore case was attained. Groups of epi- 
thelial cells were separated from one another by 
wide strands of hyalinized connective tissue con- 
taining blood vessels. Degenerative processes in 
this tumor were not nearly so manifest as in the 
tumor removed by Dr. Fisher, but in places the cells 
had completely broken down and the place formerly 
occupied by them was now filled with blood, a few 
scattered epithelial cells and, in some instances, iso- 
lated groups of tumor cells attached to the walls. 

‘Sections of material fixed in chrome sublimate 
and in formol-Zenker, stained with Bowie’s stain or 
Bensley’s neutral gentian, revealed the fact that 
only a small proportion of the cells of the tumor had 
the characteristics of normal beta cells. 

“Examination of the material fixed in chrome 
sublimate or formol-Zenker, stained with neutral 
gentian or with Bowie’s stain, showed that many 
cells in this tumor contain beta granules associated 
with granules of another sort. This observation 
recalls that made by Robinson, that in his tumor 
some cells contained both alpha and beta granules. 

“The cytologic study of this and of the preceding 
tumor, and of the one reported by Robinson, indi- 
cates that in this case the tumor is not one composed 
of normal island cells but, on the contrary, one com- 
posed of cells which, while having a considerable 
resemblance to island cells, yet differ from them in 
important details. These differences consist of the 
production of a granular secretion antecedent, which 
diflers in important details from the normal con- 
tent of the island cells, and in the presence in 
these cells of a chromophil substance, unusual to 
island cells and found in normal pancreas only in 
acinus cells. 

“The normal pancreas, as is well known, contains 
a very considerable excess of island tissue and yet 
ordinarily does not yield to the general circulation 
an excess of insulin. The fact that a tumor of such 
meager proportions could produce the symptoms of 
insulin shock and yet not be responsive as the normal 
islands are to the mechanisms that ordinarily regu- 
late the export of insulin from the pancreas, is pos- 
sibly to be found in the fact that the lesion under dis- 
cussion is an abnormal cell type which, to be sure, 
resembles island cells but is not identical with them. 

“Some doubt exists in my mind as to whether this 
tumor should be regarded as adenoma or carcinoma. 

lhe failure to form a definite capsule and the in- 
clusion of normal pancreatic elements in the tumor 
itself seem to favor the latter diagnosis.” 


_ Our third and last case presents the unique 
leature of having two tumors and two opera- 


tions for their removal with a final successful 
outcome. This case has not been reported 
elsewhere. 


A young man, aged 22 years, of Jewish extraction, 
was first admitted to the Barnes Hospital on March 
14, 1928, on the neurological service for the diag- 
nosis of epilepsy. 

He had had tuberculosis of the hip at the age of 3 
for which he wore casts and braces until the age of 
13; scarlet fever at the age of 15. In 1926, at the age 
of 20 he graduated from the St. Louis School of 
Pharmacy apparently a fairly capable student and 
since then has been working as a druggist. 

In March, 1927, he noticed twitching in his legs 
after walking a few blocks. This occurred particu- 
larly at the end of his day’s work when walking home 
from his drug store which usually occurred just be- 
fore dinner. After dinner he could walk a much 
longer distance without observing any twitching of 
his legs. In January, 1928, he noticed a similar 
twitching of his arms just before dinner and with 
this there was a feeling of ‘drawing of his face” 
associated with pallor and sweating. On one occa- 
sion he stared straight ahead for a minute or two 
and after being put to bed made an immediate 
recovery from these symptoms. In February, 1928, 
he had several fairly typical attacks of petit mal 
which lasted from 3 to 5 minutes. There were no 
after effects but often there was a feeling of 
nervousness and weakness just preceding the at- 
tacks. 

Upon admission to the hospital the patient was 
found to be intelligent and co-operative. His mem- 
ory was good and he appeared to be interested in the 
examination, appearing neither depressed or excited. 
There was a slight slurring of speech and occasional 
twitching movements of various muscle groups. His 
gait was what was to be expected from the ankylosis 
of the left hip with a scoliosis. The blood pressure 
was 110-60, the pulse 70. A nystagmus was present 
and a discharge from the right ear, apparently from 
a chronic mastoiditis. No blood sugar determina- 
tion or blood chemistry was done. All the routine 
laboratory work, including a blood Wassermann, 
was negative. The patient was considered atypical 
of epilepsy and was discharged for further observa- 
tion. 

Three months later he was readmitted to the 
hospital with no apparent change in his condition. 
At this time a tonsillectomy was performed. 

On January 30, 1931, the patient was readmitted 
to the hospital. During the past year the attacks 
had become more frequent and more severe. Ex- 
amination at this time showed him to be still intelli- 
gent and co-operative. No blood chemistry deter- 
minations were made because of certain observations 
by the psychiatrist who was taking care of him at 
this time and who thought his condition to be due to 
sexual repressions. He was treated by psycho- 
analysis and hypnotism with no apparent improve- 
ment. 
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On August 8, 1931, he was again admitted to the 
hospital and on questioning him at this time the pa- 
tient gave only nonsensical answers. His attacks 
continued to be severe. No additional positive find- 
ings were noted on examination. 

On May 9, 1932, he was readmitted to the hos- 
pital for the fifth time. He had now begun to have 
several attacks a day of petit mal. There was also a 
progressive muscular weakness. He entered the hos- 
pital during one of his attacks of petit mal. A sam- 
ple of blood was taken immediately and the sugar 
was found to be only 25 milligrams per hundred 
cubic centimeters. The blood calcium was 5.5 and the 
phosphorus 10.6. He was given 50 cubic centimeters 
of 50 per cent glucose intravenously immediately. 
After receiving the first 25 cubic centimeters he 
aroused and was able to answer questions. When 
all of the 50 cubic centimeters had been received he 
was able to sit up and talk intelligently. His mem- 
ory of the attack was poor. He had entered the hos- 
pital in the evening and after receiving the intrave- 
nous glucose he was given sweetened fruit juices to 
drink. On the following morning at 5 o’clock he had 
another seizure which disappeared 10 minutes after 
drinking a glass of orange juice. 

On May 11, carbon dioxide combining power of 
blood was 73.51 per cent; calcium 10.9 milligrams per 

cent; phosphorus 3.6 milligrams per cent. 

A sugar tolerance test was performed with the 
following result: 


Milligrams 
per cent 
7:45 a.m. fasting blood sugar.......... 58 
8:12 a.m. glucose 


Urine collected from 8:40 a.m. to 11:10 a.m. nega- 


tive for sugar. 


On May 13, the patient was found by Miss 
Kendall to have an intelligence quotient of 60. Her 
conclusions state, “this is evidently not representa- 
tive of patient’s original intellectual endowment. 
Scattered distribution of success and failure, the 
relatively high vocabulary and the difficult co-opera- 
tion would indicate this even if the history were not 
known. Objective findings, Stanford: lowest failures 
all in reversing digits and in making sentences to in- 
clude three given words (9 years). The best work in 
inductive reasoning (14 years) and in vocabulary 


(12 years).””! 


On May 10, after receiving 500 cubic centimeters 
of 10 per cent glucose intravenously a laparotomy 
was performed (E.A.G.). An upper left paramedian 


1The diagnosis of a probable pancreatic tumor and the suggestion to 
perform the operation were made by Drs. Barr, Alexander, Schwab, 


Parker, Grove and others. 
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incision was made and the pancreas was exposed 
through the gastrohepatic omentum. A small hard 
tumor was immediately felt and seen on the anterior 
surface of the pancreas at about the junction of the 
left and middle thirds. The tumor was clearly ex- 
posed and was seen to project slightly forward. One 
portion of it was so hard that it suggested calcilica- 
tion. There was a slight bluish discoloration of the 
tumor which made it distinct in appearance from the 
rest of the pancreas. A pursestring suture of caigut 
was placed around the tumor bed and the tumor 
removed. This was easily accomplished and there 
was only one small vessel at the pedicle. It was not 
necessary to remove any appreciable part of the nor- 
mal pancreatic tissue. When removed the tumor 
was found to be about 1 by 0.8 cubic centimeters. It 
was immediately placed in fixing fluid, a rubber dam 
drain was inserted down to the pancreas ani the 
wound was closed in layers. The operation was pro- 
longed because of frequent attacks of apnoea. The 
anesthesia used was nitrous oxide-oxygen with a 
little ether. 

At 11 a.m. (immediately following the operation), 
the blood sugar was 190 milligrams per cent. live 
hundred cubic centimeters of 10 per cent glucose 
were given intravenously followed by 2,000 cubic 
centimeters of physiological saline solution s\\cu- 
taneously. 

At 2 p.m. the blood sugar was 212 milligrams 
per cent; 4 p.m. the blood sugar was 170 milligrams 
per cent. 

May 20, 9 a.m., the blood sugar was 122 milli- 
grams per cent, no convulsions had occurre«|, 500 
cubic centimeters of 10 per cent glucose were given 
intravenously. 

May 21, 9 a.m., the blood sugar was 96 milligrams 
per cent (fasting). Five hundred cubic centimeters 
ro per cent glucose given intravenously. 

May 23, 9 a.m., blood sugar 102 milligrams per 
cent (fasting). Blood calcium 9.6. Blood phos- 
phorus 2.9. Later in the day he had a convulsion, 
the first since his operation. He was given some 
fruit juices during the day by nasal tube. 

May 24, 9 a.m., blood sugar 34 milligrams per 
cent (fasting). Carbon dioxide combining power 
69.7 volumes per cent. The patient had «nother 
convulsion which was controlled by the drinking of 
fruit juice. 

From then on during the next few days the patient 
was given large amounts of carbohydrates wntil on 
May 28 he was receiving 600 grams of carbo! drate 
per 24 hours. Although there had been no «onvul- 
sions since May 24 the patient had been ay: thetic, 
incontinent, with hyperactive reflexes and a jculiat 
muscular rigidity associated with carpal spa-'n sug 
gestive of tetany. This latter phenomenon !:.:\1 beet 
noted before the operation but it had never beet 
associated with an abnormally low blood c:cium 
The patient now developed an extreme col 
fusion. On June 7, a note was made that the clectto- 

cardiographic record showed simple tachycardia 
Roentgenogram showed normal sella. No changes!" 
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eve grounds. A previous examination of the visual 
fields gave normal findings. The blood pressure 
readings were always practically normal. 

from this time on, in spite of large amounts of 
carbohydrate, the patient’s condition became 
steadily worse. On June 25, the note was made that 
he was stuporous although responding slightly to 
cutaneous stimuli. There was slight cyanosis and 
the respirations were only 5 per minute. This re- 
called the periods of apnoea noticed at the operation. 
There had been no convulsions during the last few 
days but there was bilateral ankle clonus and slight 
rigidity of the left lower extremity. Because of a 
suggestion made in the report of Wilder et al. that 
perhaps ether anaesthesia increased the blood sugar 
and in view of the temporary improvement noticed 
in our patient after the operation it was decided to 
subject him to an ether anesthesia. At the begin- 
ning of the anesthesia which was at the end of a 7 
hour fast his blood sugar was 4o milligrams per cent. 
At the end of 50 minutes of anesthesia his blood 
sugar was 45 milligrams per cent and 1 hour Jater it 
was 54 per cent. Three hours later, however, while 
still fasting the blood sugar had fallen to 22 milli- 
grams per cent. During the next few days, in spite 
of high carbohydrate feeding, convulsions were fre- 
quent and the patient became increasingly worse. 
Tests to demonstrate insulin in the urine made by 
Dr. Kuoymann of the department of biochemistry 
uniformly were negative, concentrated urine, am- 
monium sulphate precipitation, and alcoholic ex- 
traction being used. 

Because it was felt that we had failed to find the 
active tumor responsible for the patient’s condition, 
especially in view of the results of the microscopic 
examination of the tumor which had been removed, 
which will be described later, the question of operat- 
ing on the patient again was discussed. It was felt 
that unless another operation revealed an active 
tumor the patient would almost certainly die and 
that therefore another operation was plainly indi- 
cated. Accordingly on July 14, 1932, after the pa- 
tient had been given 500 cubic centimeters of 20 
per cent glucose intravenously the abdomen was 
reopened through an incision just to the left of the 
former incision and the pancreas was exposed again 
all along the anterior surface through the gastro- 
hepatic omentum. Nothing resembling a tumor was 
found on the anterior surface. The tail was then 
mobilized and rotated forward. Within the sub- 
stance of the tail, but not visible on the surface, a 
nodule was felt which was firmer than the rest of the 
pancreatic tissue. This could be felt only by palpa- 
on of the organ between the thumb and index 
linger. It was closer to the posterior than to the an- 
terlor surface. It was about 2 centimeters in long 
diameter. It was removed together with about 4 
centimeters of the tail. In cutting through the 
nodule after its removal a rather homogeneous 
‘ppearance was noted on cross section which made it 
seem certain that the nodule was composed of tumor 
Ussue. The remainder of the organ was examined as 
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far toward the head as possible but no evidence of 
other tumors was found. Both adrenal glands were 
felt and found to be of normal size. The liver ap- 
peared to be normal but a small piece was removed 
for microscopic examination which was later found 
to be normal. The stump of the pancreas was closed 
over itself with chromic catgut. Immediately after 
the operation the blood sugar was 235 milligrams 
percent. Another intravenous injection of 500 cubic 
centimeters 10 per cent glucose was given. Ten 
hours later the blood sugar was 218 milligrams per 
cent. 

From then on the blood sugar remained normal 
or slightly above normal. On July 18, it was neces- 
sary to open the wound slightly to give access to 
about 50 cubic centimeters of pus which seemed to 
come from around the pancreas. Except for this 
complication, the postoperative course was un- 
eventful. 

On August 9 a note by Dr. A. B. Jones states that 
there is definite evidence of extrapyramidal tract 
degeneration. 

The patient was discharged on September 14. He 
had shown very marked and steady improvement 
since the second operation and there had been no 
convulsions. 

On October 17, he was readmitted to the hospital 
for observation. His sugar tolerance showed a slight 
tendency toward diabetes. There had been steady 
improvement in the patient’s mentality and another 
examination by Miss Kendall at this time showed an 
intelligence quotient of 71 as compared with 60 on 
the preceding examination and a gain of 22 months 
in mental age. The patient was actively interested 
in everything going on around him and was able to 
defeat his father and his brother in chess. He was 
still unable to walk but a very definite improvement 
in muscle tonus was observed. Some of his difficulty 
in walking was undoubtedly due to the ankylosis of 
his hip joint which was noted in the first examina- 
tion. 

It is still uncertain how much additional improve- 
ment will occur in this patient’s mentality. It seems 
probable that his central nervous system was more 
or less permanently damaged by allowing a condi- 
tion of severe hypoglycemia to continue for too long 
a time. 

Examination of the tumors. The two tumors 
removed from this patient were examined by Pro- 
fessor Bensley as well as by Dr. O’Leary of our 
department of anatomy, a former pupil of Bensley’s. 
An abstract of Dr. O’Leary’s report which includes 
both his and Dr. Bensley’s opinions follows: 

“The first tumor measured approximately 1.0 by 
0.8 cubic centimeter and was composed of purple 
red friable tissue surrounding a heavily calcified 
core. Examination of the fresh material revealed a 
predominance of lymphocytes, with numerous his- 
tocytes, less numerous polymorphonuclears and 
eosinophiles. In histological section this mass resem- 
bled a calcified lymph node with hyalinization. Dr. 
Bensley, to whom the sections were sent to rule out 
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finally the presence of islet tissue, felt that the speci- 
men was a badly sclerosed lymphatic gland with a 
considerable amount of active reticular tissue pro- 
liferation. However, it was removed from the sub- 
stance of the pancreas and its great similarity to the 
pocket of tissue found in the capsule of the second 
tumor, both in gross and microscopic appearance, 
suggests the possibility that it might at one time 
have been an active tumor which became atrophied 
and was completely replaced when the present tumor 
arose. Supporting this possibility is the extension 
over a period of 3 years and the finding of a rela- 
tively young tumor mass at the last operation. 

“The second tumor consisted of an ovoid mass, 
2.0 by 1.4 by 1.2 cubic centimeters, of firm elastic 
consistency. No hemorrhagic or necrotic areas were 
visible, but embedded in the capsule was a single 
nodule of friable purple red tissue, 3 millimeters in 
diameter. This nodule consisted chiefly of lympho- 
cytes with numerous macrophages and fibroblasts, 
less numerous polymorphonuclears and eosinophiles. 
It resembled in structure the first tumor which was 
removed from the same patient.”’ As the result of an 
extensive study of the whole tumor after the use of 
various fixing agents and stains Dr. O’Leary sum- 
marizes his examination as follows: ‘‘the findings 
support the conclusion that the tumor removed was 
an adenoma of the islet type, cytologically very 
similar to those previously studied by Bensley and 
others; but due to its size and excellent accommoda- 
tion of tumor growth to vascular supply, it was 
capable of producing relatively more of the hypo- 
glycemic hormone than the previous tumors studied 
at this institution. In making this diagnosis, ques- 
tionable evidence of malignancy has been dis- 
counted. The deviation of the majority of tumor 
cells from the beta type gives further affirmation to 
the ‘dysinsulinism’ hypothesis.” 

The detailed report of the second tumor fol- 
lows: 

‘When cut, it appeared homogeneous throughout, 
save for strands of fibrous tissue traversing it. No 
hemorrhagic or necrotic areas were visible. Em- 
bedded in the capsule, however, was a single nodule 
of friable tissue purple red in color and 3 millimeters 
in diameter. This was dissected free and placed in 
Ringer’s fluid for examination in the fresh. A sagit- 
tal block, including tumor tissue and adherent pan- 
creas, was fixed immediately in formol chrome sub- 
limate. Successive slices toward one surface were 
fixed in aqueous and acetic chrome sublimates, 
Altmann’s and Bouin’s fluids and formol absolute 
alcohol (the latter for micro-incineration). At the 
same time small bits were preserved in Ringer’s 
fluid and in o.1 and o.o5 per cent neutral red 
(Gruebler No. 0529) in normal saline. These bits 
provided material for the examination of fresh tis- 
sue. The remainder of the tumor was set aside for 
physiological assay. 

“The bits of tissue for fresh examination teased 
with difficulty. Cells did not float free as in the 

Womack et al. and Carr et al. tumors previously 
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studied by R. R. Bensley. Even so, groups of cy |in- 
drical and polyhedral cells having clear nuclei, 
prominent nucleoli, their cytoplasm occupied by « 
haze of tiny granules, could be easily differentiated, 
To one familiar with the appearance of living islet 
cells of the pancreas this evidence was almost con- 
clusive that the parenchyma of the tumor consisted 
of cells closely allied to this type. Prominent cinals 
of Holmgren and refractile droplets could also be 
distinguished in some of the cells. In the material 
immersed in neutral red, the granules of but occa- 
sional cells colored the characteristic brick red that 
identifies beta islet cells. That this was not due to 
mechanical factors is illustrated by the occurrence 
of these cells among groups of cells whose granules 
remained uncolored. As compared with the Womack 
et al. and Carr et al. tumors, the cells whose granules 
colored by neutral red appeared to be significantly 
less numerous. 

“The reddish friable mass removed from on¢ wall 
of the tumor had a cell content identical with that 
observed in a preceding mass removed from the pan- 
creas of the same patient: it consisted predominantly 
of lymphocytes with numerous macrophages and 
fibroblasts, less numerous polymorphonuclears and 
eosinophiles. The possible significance of this find- 
ing will be discussed later. 

“The fixed tissue was sectioned in paraflin at 4/4. 
The slice through the center of the tumor (jormol 
chrome sublimate fixation) well illustrated the con- 
dition that maintained in all but isolated portions 
of the tumor. Sections from this and other blocks 
were colored by Mallory’s triple stain, the Ileiden- 
hain azocarmine modification of the same, Bensley’s 
and Bowie’s neutral stains, hematoxylin and eosin 
and Delafeld’s hematoxylin followed by Giemsa’s 
eosin azure. The neutral dyes of Bensley and 
Bowie, which facilitate the identification of cell 
types in islet tissue, and the azocarmine modifica- 
tion of Mallory’s connective tissue stain proved to 
be the most useful. 

“When a Mallory slide of the central block was 
examined, it immediately became apparent that the 
major portion of the tissue closely resembled the 
‘beginning tumor stage’ (classification by [ecnsley, 
Womack et al.) of islet cell adenomata, and was 
remarkably similar to Robinson’s description of the 
condition that prevailed in a tumor of the same type 
reported by Howland et al. It has a well developed 
stroma of collagenic connective tissue. Capillaries 
which issued from the arteries of this framework, 
carrying with them occasional collagenic {ibrils, 
imperfectly divided the parenchyma into lobules and 
sinous cords of epithelioid cells, two to several cell 
layers in thickness. Figures 6 and 7 illustrate this 
condition. There was in addition a dense central 
core of connective tissue and several lesser ones. 
These contained, besides arteries and veins, «ucts 0! 
medium to small size and islets of tumor tissue. 10 

the more superficial portions of the fixed material 
(aqueous and acetic chrome sublimate blocks) the 
connective tissue was richer in areas than in the 
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central block, but, as elsewhere, no hyalinization 
had occurred. Surrounding the tumor was a broken 
capsule. 

‘Ducts were not of frequent occurrence through- 
out the tumor. In the central block, medium to 
small sized ones were found in the accumulations of 
connective tissue and at the surface of the tumor 
approximating the pancreas. From the connective 
tissue accumulations the ducts, as well as tongues of 
islet tissue, might be seen to project into the sur- 
rounding parenchyma. Figure 8 is a photomicro- 
graph showing the close approximation of duct and 
islet tissue in the vicinity of the central core. 
Figure 9 is a higher magnification of the same area. 
In the region adjacent to the pancreas (central 
block, formol chrome sublimate) the connective 
tissue partition separating pancreas and tumor was 
broken by the egress of the ducts. The ducts in this 
area were differentiating into both islet and acinar 
cells. All the stages in the differentiation of acinar 
tissue were there to be observed. In the more super- 
ficial blocks of the tumor the capsule between pan- 
creas and tumor was broken and normal pancreas 
graded into an area of regenerating (?) pancreas, 
this in turn into tumor. In these blocks, ducts were 
much more numerous throughout the parenchyma 
and stages in their differentiation into islet cells 
were apparent. 

“The parenchymatous cells of the tumor could be 
readily recognized as closely akin to the islet variety. 
Their shape variations were similar; they were, 
however, most frequently larger in size as compared 
to normal control islets of the same section. The 
cytoplasmic granules of occasional cells gave stain- 
ing reactions identical with those of the beta variety 
of islet cells. More often in these cells the granules 
were packed uniformly with the exception of the 
area occupied by the canals of Holmgren, but in 
some they appeared to be concentrated at the capil- 
lary pole. The cytoplasmic granules of the pre- 
dominant majority of the tumor cells (henceforth 
called ‘tumor cells’ to differentiate them from the 
beta cells of the tumor) stained differently, but di- 
gression is necessary to explain the effect of coloring 
with neutral dyes. With Bowie’s stain (formol 
chrome sublimate fixation) scarcely differentiated 
in absolute alcohol, the beta cell granules stained 
deep blue, the tumor cell granules lilac. Slightly 
better diflerentiated, the beta cell granules were a 
lesser blue, the tumor cell granules pink. This tran- 
sition in colors due to different degrees of differen- 
tiation was not so noticeable with Bensley’s neutral 
gentian and here the beta cell granules stained deep 
purple, the tumor cell granules a lighter purple. 
Tumor cell granules were less closely packed in the 
cytoplasm, the canals of Holmgren could not always 
be distinguished, and the small vacuoles occasionally 
seen in the cytoplasm of beta cells were lacking. 
Only one cell was observed in the tumor whose 
granules gave the staining reactions of those char- 


acteristic of the normal alpha cells of the islets of 
Langerhans, 


“Cytoplasmic inclusions of varying shape but 
identical staining reactions were observed in tumor 
islet cells. Presumably these were identical with the 
chromophile material described by Bensley as 
occurring in the islet cells of all the tumors that he 
studied. They might be plastered on the outer sur- 
face of the nucleus (sickle thickening of Bensley) or 
occur as discrete bodies in the cytoplasmic mass. 
The latter were round or spiroid in appearance. 
Observed in a mitotically active cell, they colored 
the same as the chromosome mass and could only be 
distinguished from it by a knowledge of their appear- 
ance in resting cells. Dr. G. H. Scott informs me 
that in micro-incinerated sections these inclusions 
gave evidence of the presence of iron. They did not 
occur in the cytoplasm of the cells which contained 
degenerating nuclei. Several typical ones are illus- 
trated in the accompanying photomicrograph Fig- 
ure Io. 

‘‘About the margins of the tumor, nuclear pyk- 
nosis was to be observed. Other evidence of nuclear 
degeneration also occurred in the body of the tumor. 
Single cells or patches might be thus affected. Sig- 
nificant of this change was the appearance of clumps 
of chromatin within the nucleus. All stages between 
this and complete pyknosis were found. The cyto- 
plasm of cells whose nuclei were thus affected be- 
came basophilic and discrete cytoplasmic granules 
could no longer be distinguished. Cells with hyper- 
chromatic nuclei and those with mitotic figures were 
infrequently met with. In the cytoplasm of the 
latter, the specific granules of ‘tumor cells,’ though 
they were reduced in number, could be distinguished. 
Mitotic figures were not observed in beta cells of the 
tumor. 

“The tumor parenchyma gave a negative Masson 
reaction for argentaffine cells. After 24 hours, stain- 
ing of the granules of histocytes could be observed, 
but the islet cells were free from silver deposit. A 
control slide of Bouin’s fixed intestine showed excel- 
lent argentaffine cells.”’ 

Insulin assay of second tumor (Dr. Kuoymann). A 
portion of the tumor weighing 0.582 gram was 
treated according to the method which was found 
by Best and Jepthcott to give the maximum yields 
of insulin. 

The extract was made up to 25 cubic centimeters 
in a volumetric flask and 1o cubic centimeters were 
injected into the marginal ear vein of a rabbit. 
Blood samples taken at various intervals gave the 
following results: 


Milligrams 

per cent 
Initial blood’sugar. 


Calculated by the method of Freudenburg the in- 
jected extract contained approximately 0.9 rabbit 
units of insulin. 

A second rabbit was given 12 cubic centimeters of 
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the extract intraperitoneally. The blood sugar 
values were as follows: 


Milligrams 

per cent 
117 


314 hours. Convulsions appeared that were re- 
lieved by glucose. The tissue analysed therefore 
contained approximately 4.0 rabbit units of insulin 
per gram of tissue. This is ro times the amount of 
insulin found in the carcinoma of the islets in the 
case of Wilder, Allan, Power, and Robertson. 


This last case not only differs from any of 
those previously reported in that two tumors 
were present for the removal of which two 
operations were performed but there were 
several other unique features. For example, 
this is the first case in which a tumor was re- 
moved which was embedded in the substance 
of the organ and detected only by palpation 
instead of by vision; it happened that the 
second tumor in this case could be found only 
by palpation. Again, it seems surprising that 
in spite of the evidence of marked activity of 
this tumor no insulin could be demonstrated 
in the urine. This is perhaps the more aston- 
ishing since the assay of the tumor tissue re- 
vealed as much as 4 rabbit units of insulin 
per gram of tumor tissue, ten times as much 
as the amount found in the carcinoma of the 
islets reported by Wilder, Allan, Power, and 
Robertson. Finally also, it seems possible 
that some of the changes in the central 
nervous system in this case are of a permanent 
nature which may have resulted from allow- 
ing the severe hypoglycemia to continue for 
too long a time, or perhaps they may be the 
result of haemorrhages which are known to 
occur sometimes in of severe hypoglycemia. 

Including one case mentioned by Cushing 
as having been operated on at the Peter Bent 
Brigham Hospital but concerning which no 
details have been presented, this last case of 
ours is the fifth one from which a tumor has 
been successfully removed. Of these 5 cases 
3 have been at the Barnes Hospital. It is an 
interesting fact that in the 4 cases about 
which the details have been published there 
has been no mortality. The absence of mor- 
tality and the uniformly dramatic nature of 
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the recoveries constitute an effective plea for 
more prompt surgical exploration in cases oj 
hypoglycemia of unexplained origin. 
Unfortunately, the diagnosis of the presence 
of an islet tumor is by no means easy. The 
recognition of a state of chronic hypoglycemia 
even with the characteristic symptoms of the 
condition is not sufficient evidence in itscl 
upon which to make a diagnosis of an islet 
tumor. Thus, for example, other conditions 
have been found to be associated with the 
hypoglycemic state. Phillips, in 1931, reported 
a case presenting symptoms of severe hyjo- 
glycemia even with loss of consciousnvss. 
One determination of the blood sugar was as 
low as 25. At autopsy, in addition to a sub- 
acute glomerular nephritis, the islands of 
Langerhans were found to be markedly hyjer- 
trophied (242 to 328 microns as compared 
with the normal figures given by MacCallum 
of 146 to 157 microns). It is well known that 
disturbances of the adrenal glands may be 
associated with hypoglycemia. There are 
now on record many observations showing 
that the blood sugar is lowered in Addison’s 
disease, and Anderson has reported a case in 
which there were pronounced symptoms oi 
hypoglycemia associated with a carcinoma of 
one adrenal gland. Again also, the condition 
of hypoglycemia is sometimes associated with 
certain tumors of the pituitary, especially 
those which arise in the chromophobe ‘ells 
which manifest adipose-genital symptoms oi 
hypopituitarism. The literature on the asso- 
ciation of pituitary lesions with hypoglycemia 
is extensively reviewed in Sigwald’s mono- 
graph. Various diseases of the liver, such as 
primary carcinoma, (5, 19), neoarsphenamine 
hepatitis (6) and phosphorus poisoning, as well 
as such a condition as scleroderma (4), are 
known to be associated with hypoglycemia. 
Again, other cases, especially in children. have 
been noted in which a clinical picture closely 
resembling that of an islet tumor has been 
present but has disappeared spontaneously. 
Several such cases have been observed at the 
St. Louis Children’s Hospital. For example. 


M. R., aged 2 years, had been caught by his 
mother stealing jam and jelly from her cup)oard. 
The small boy was disciplined and the desired sweets 
were moved to a more secure place which was inac- 
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cessible to the pilfering fingers. On the morning of 
the second day after the event his mother found it 
dificult to arouse him. He was brought to the 
Children’s Hospital (September 3, 1931) where he 
was found to be in coma, with vomiting and aci- 
dosis. His blood sugar at the time was only 20 milli- 
grams per cent. He was revived immediately by an 
intravenous injection of glucose. A sugar tolerance 
determination on September 5 showed: 


Although observed repeatedly since his discharge 
he has been entirely normal. An operation on his 
pancreas at the time would have been ill advised. 
But yet one wonders what the future may show in 
regard to this child. 


It is therefore apparent that the diagnosis 
of a state of spontaneous hypoglycemia does 
not in itself establish the diagnosis of an islet 
tumor. Moreover, it will not always be easy 
for the surgeon to recognize the tumor even 
when present. If, for example, it should hap- 
pen to be embedded in the substance of the 
pancreas its recognition might be impossible 
by any justifiable means. Again, our last case 
complicates the situation still more because 
of the demonstration of more than one tumor, 
a feature which adds an aspect of a possible 
therapeutic incompleteness if only one tumor 
has been found and removed. Finally also 
it would seem now as if sometimes adenomata 
are present which are inactive. However, if 
an adenoma is found in a patient who has 
hypoglycaemia the chances are very great that 
the removal of the adenoma will be followed 
by a marked improvement in the patient’s 
condition. 

Several failures to find a tumor at operation 
in clinically typical cases have now been 
recorded. In some of these cases attempts 
to correct the hypothetical condition of hyper- 
insulinism have been made by the removal of 
a large part of the pancreas. Such attempts 
have been made by the Finneys, by Holman 
and by Allan, Boeck and Judd. The results 
in these cases have been disappointing. Per- 
haps an active tumor was overlooked and 
allowed to remain. Moreover, it is hardly 
to be expected that the removal of anything 
less than nearly all of the pancreas would 
accomplish a desired result in correcting the 
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hypoglycemia unless by the removal of a part 
of the organ an active tumor was inadver- 
tently extirpated. Recently, however, Seale 
Harris has informed us in a letter of a case 
of “narcolepsy that was operated upon by 
Dr. Adrian Taylor for me, and the patient 
was cured clinically by the resection of about 
half the body and all the tail of the pancreas 
except the portion attached to the splenic 
vessels.” 


Note.—Since the preparation of this manuscript infor- 
mation has reached us that 2 additional cases of islet tumor 
have been successfully operated upon, one by Schmidt at 
the University of Wisconsin Hospital and one by Ross and 
Tomasch at the Cleveland City Hospital. These 2 cases 
bring the number of the total of successful cases of removal 
of an adenoma to 7, with no reported mortality. 
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HE distribution of metastases has been 

studied in a series of 1,059 autopsies on 

cases of malignant disease taken from 
the files of the Huntington Memorial Hospital 
from 1914 to date, from the Department of 
Pathology of the Harvard Medical School 
from 1920 to date, from the House of the Good 
Samaritan from 1920 to date, from the New 
England Deaconess and Palmer Memorial 
Hospitals from 1928 to date, and from the 
Pondville Hospital from 1928 to date. 


STUDIES ON TUMOR METASTASIS 


I. DistRIpuTION OF METASTASES IN CARCINOMA OF THE CERVIX UTERI 


SHIELDS WARREN, M.D., Boston 


From the Laboratories of Pathology of the New England Deaconess Hospital and of the Harvard Cancer Commission 


TABLE L—TYPES OF TREATMENT OF 132 CASES OF CARCINOMA OF CERVIX UTERI AS 
DETERMINED AT AUTOPSY 


Only those autopsy protocols were utilized 
which afforded a satisfactory gross descrip- 
tion and at least a fair clinical history. No 
case was included without review of the mi- 
croscopic slides. For the statistical compila- 
tion of much of the data, which was facilitated 
by the use of the punch card system, I am in- 
debted to Dr. Herbert L. Lombard, director 
of the Division of Adult Hygiene of the Massa- 
chusetts State Department of Public Health, 
and his assistants. 


| | | 
Type Number | | Operation Radon X-ray Combined 
"Epidermoid 95 6 | 7 9 3 | 
"Epidermoid | | 7 | 29 2 17 
Epidermoid | 12 6 
Epidermoid not stated | 4 I 2 
Adenocarcinoma | | 7 | 2 | 


TABLE IL—DISTRIBUTION OF METASTASES 


| | No metastases Metastases to 
Type | Number 
| | Number Per cent Regional Distant nodes Lungs Liver I 
nodes 
Epidermoid | | 25 15 60 10 7 I 
Epidermoid II | 66 17 | 26 46 31 8 15 
Epidermoid I | 21 | 3 14 17 17 9 9 
Epidermoid 
not stated | rT | 4 100 
Adeno-acanthoma | 5 5 2 
| | | — 
Adenocarcinoma | 11 | I } 9 6 | 6 2 | 2 
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Fig. 1. 


In this series of 1,059 cases are included not 
only so called active cases of cancer but a large 
number of terminal care cases as well. Many 
of the patients were treated, others were un- 
treated, so an opportunity was afforded to 
study the behavior of untreated cancer as well 
as the treated forms of the disease. 

Among this group were 132 cases of carci- 
noma of the cervix uteri. 

In Table Lis shown the distribution of these 
cases by histological class and the type of 
treatment given them. The cases which had 
no palliative treatment represent those com- 
ing to the hospital with far advanced disease, 
or those who for religious or other reasons 
refused treatment of any sort. Under the 
heading of palliative treatment are grouped 
those cases in which the patients received 
small doses of deep X-ray, colostomy for in- 
testinal obstruction due to the presence of the 
tumor, or other treatment instituted only 
with the idea of symptomatic relief and not 
expected to lead to cure or to appreciable 
amelioration of the disease. It is rather strik- 
ing evidence of the delay in seeking treatment 
that 23 of these patients were found, 17 per 
cent of the total. 

Of course many additional patients given in- 
tensive treatment had well advanced growths 
when treated. Thus Leland found among 711 
traced cases of cancer of the cervix, treated 
with radium at the Huntington Hospital, that 
only about 10 per cent fell in Class A and 
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Class B, the 2 reasonably favorable for treat- 
ment. The table reflects the predominant use 
of radiation for cancer of the cervix in this 
vicinity. 

Under the heading *‘combined treatment” 
are included those cases in which the patients 
received radon and X-ray treatment. or radon 
application, operation, and X-ray treatment. 
There are 32 in this group. ‘Two cases received 
X-ray therapy only. 

Of considerable interest is the variation in 
the total duration of the various forms of 
cervical cancers. Thus the average duration 
of the low grade epidermoid carcinomas (2.3 
years) is twice that of the high grade and half 
again that of the cases of medium malignancy. 
It must be emphasized, of course, that these 
cases are all autopsies and, therefore, repre- 
sent failures in treatment. 

Evidence of the close correlation between 
the histological grade of the tumor and the 
distribution of metastases is further strength- 
ened by the present study (Table II). One 
hundred and two of these 132 cases were pre- 
TABLE Ul. DEGREE OF MALIGNANCY 
NUMBER OF SITES OF METASTASES 


AND 


Number of sites 
Grade 


Cases of metastasis 
Epidermoid I. 25 19 
Epidermoid II. 60 124 
Epidermoid III... . 21 O8 
Grade not stated 4 ° 
Adeno-acanthoma. . 5 10 


Adenocarcinoma. . . II 22 
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Epidermoid I | Before 
treatment 7 1 
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| Before | | | | | 

| treatment 24/17] 1 | ix is 


Epidermoid I —— | —— | —_ | 


After | 
treatment 22] 04 | 2 | 
| Before | 
treatment 
| After 
treatment 


Epidermoid 


| Before 
| treatment 
Adeno acanthoma 
| After 
treatment 
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Adenocarcinoma 


| Before | 

| treatment 48 | 
| After | 
treatment | 36 | 
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viously reported (2) with particular attention 
to the relation of grading to power of metas- 
tasis. 

These consistent results are due in part to 
the fact that the estimation of the grade of 
malignancy in an autopsy is not restricted to a 
single small biopsy but an adequate amount of 
tissue is available for examination. In this 
way, a far more accurate determination of the 
grade is possible. Where there is marked 
variation in the histological appearance of a 
given tumor the less differentiated two-fifths 
of the portion studied has been used to deter- 
mine the grade. 

Too much stress can not be laid on the point 
that histological grading is of but little value 
in estimating individual prognosis. Here such 
factors as the extent of the local lesion, the 
presence of metastases, the age of the patient, 
the type of treatment utilized, must be given 
due weight. However, histological grading is 
of great value in determining the radiosensi- 
tivity of the tumor and in determining whether 
or not the tumor is likely to metastasize. 

In this connection it might be well to em- 
phasize that there is much confusion between 


radiosensitivity and what we might ‘crm 
radio-curability. In general the more rapidly 
growing, more anaplastic, more malignant 
tumors are sensitive to radiation and not in- 
frequently the local growth is destroy«:! by 
the treatment. However, by virtue o/ their 
tendency to wide and early metastasi- and 
deep local infiltration, in the long run ‘hese 
highly malignant tumors very freq «ntly 
prove as unsatisfactory when treated |\\ ra- 
dium as by any other means. The difii ulty. 
however, lies not in the failure of radiat on to 
affect these radiosensitive tumors but | ither 
in the failure of the field of effective rac ition 
to include all of the malignant cells. 

In the present paper we are chietl) con- 
cerned with the distribution of meta ases. 
This distribution is summarized in Ta ¢ II. 
and the close relationship between po er 0! 
metastasis and histological grade of the mor 
is brought out with extraordinary rity. 
The percentage of variation in involve) nto! 
regional and distant lymph nodes anc ther 
organs by the different grades of tui rs |s 
shown in the figure, which presents — aphi- 
cally a portion of the material in T: ‘e¢ IL 
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here is also close parallelism between the 
« gree of malignancy and the total number of 
es' of metastasis of the tumors of a given 
ade. This is brought out in Table III. 
Thus the highly malignant epidermoid car- 
omata average over three different sites of 
n tastasis apiece, whereas those of low malig- 
n. icy average less than one apiece. 
in grade III epidermoid carcinoma such 
ui isual sites as the heart, spleen, kidney, and 
th roid have shown metastatic involvement. 
\Ietastasis to bone is unusual in cervical 
cuicers, but in this series it occurred five 
times, twice in grade III tumors and three 
times in grade II. The metastases were all of 
the osteoclastic type. 


‘\ given group of nodes, as the sacral, is considered as a single site 
even though several nodes may be involved. 
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Table IV gives the detailed sites of metas- 
tases of the various types of cancers, together 
with an attempt to differentiate those metas- 
tases present before and those after treatment. 

By careful study of the clinical record com- 
bined with study of the pathological processes 
themselves, I have attempted roughly to esti- 
mate the time at which various metastases 
appear. Eighty per cent of those occurring 
after treatment appeared within 1 year. Of 
course, the length of life after treatment in 
most cases was short. 
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THE FATE OF THE SIDETRACKED LOOP OF ILEUM FOLLOWING 


SURGERY, GYNECOLOGY AND OBSTETRICS 


LATERAL ANASTOMOSIS FOR COMPLETE, BENIGN OBSTRUCTION 


OLLOWING a simple lateral  ileo- 

ileostomy or ileocolostomy for com- 

plete benign obstruction of the terminal 
ileum, the loop of ileum between the anasto- 
mosis and the obstruction may give rise to 
serious trouble, as evidenced by the following 
case reports reviewed at the suggestion of Dr. 
W.L. Estes, Jr., made to me while serving 
as resident surgeon at St. Luke’s Hospital, 
Bethlehem, Pennsylvania. 


Case t. F. B., male, aged 12 years, was admitted 
to St. Luke’s Hospital, June 11, 1929. Three days 
before admission the patient was seized with acute 
appendicitis, and at operation—r hour after admis- 
sion—a gangrenous, perforated appendix was found 
within a large abscess walled off by intestinal coils. 
Appendectomy was done and the abdominal cavity 
drained. Convalescence was prolonged because of 
wound infection, but was otherwise uneventful. At 
a follow-up examination on October 17, 1929, the 
patient was in excellent health. He remained free 
from abdominal symptoms until April 5, 1930, when 
intestinal obstruction occurred. Following his read- 
mission to the hospital on April 7, repeated ene- 
mata failed to give relief and an operation was per- 
formed 3 hours later. The terminal 3 feet of ileum 
was acherent to itself, to the cecum, and to the an- 
terior abdominal wall. Adhesions were divided to 
release a 3 inch loop of strangulated but viable 
ileum. Inasmuch as adhesions threatened future 
strangulation, a lateral anastomosis was established 
between the transverse colon and the ileum at a 
point 3 feet proximal to the cecum. 

Throughout the convalescent period the patient 
had a good appetite and his general condition was 
excellent. A mild, painless diarrhoea, with consider- 
able borborygmus and moderate distention of the 
lower abdomen developed 1 week before his dis- 
charge on April 22, continued in a mild form until 
May 4 when the diarrhoea became severe, and vomit- 
ing occurred 2 days later. These symptoms became 
progressively worse and at admission to the hos- 
pital on May 9 the patient was found to be under- 
nourished, dehydrated, drowsy, and very toxic. The 
abdomen was moderately distended and generatly 
tender, but there was neither rigidity nor palpable 
mass. At operation the following morning the ter- 
minal 3 feet of ileum sidetracked on April 7 was 
found elongated to 7 feet, greatly dilated, acutely 
inflamed and ulcerated, with the distal 1 foot com- 
pletely obstructed in a mass of adhesions. The 
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meso-ileum contained many lymph nodes vary: ig 
in size from a pea to a walnut. The colon was « |- 
lapsed proximal and distal to the anastomosis. |! ie 
sidetracked loop was resected, from the anastom: is 
to the cecum. During the manipulations of e- 
section, several ulcerations of the loop perforat (. 
The abdominal cavity was drained. A serious wo id 
infection and a continuance of the pre-operat ve 
debility prolonged the convalescence. A mild d.«r- 
rhoea persisted throughout the patient’s stay in he 
hospital and continued for several months after jis 
discharge. Recuperation was slow for several mor hs 
following his return home, but at the last follow up 
examination in May, 1931, he had gained 25 pou ds 
in weight and his general health was excellent. 

Case 2. S. D., a boy of 16 years, was admitte: to 
the hospital November 18, 1928, with sympt«ms 
and signs of acute intestinal obstruction of 2 dvs’ 
duration. At operation several loops of term: nal 
ileum were found matted together and adheren’ to 
the lateral wall of the pelvis, around a gangrei ous 
Meckel’s diverticulum. The ileum was comple’ cly 
obstructed at a point near the cecum. The involved 
loops of ileum were resected, following which a |at- 
eral anastomosis was performed between the asccnd- 
ing colon, and the ileum 8 inches proximal to the 
resection. The 8 inch limb of ileum distal to the 
anastomosis was placed over a large defect in the 
posterior parietal peritoneum. The abdomen was 
closed with drainage. Ten days after operatio!: the 
patient became slightly distended, and began |iav- 
ing mild attacks of visible peristalsis which rec rred 
during the remainder of his stay in the hospital His 
general condition was good. After going home on 
December 7, 1928, visible peristalsis recurred with 
increasing frequency and was associated with 
marked borborygmus and pain. He had from t 0 to 
six loose bowel movements daily. His sym) ‘oms 
becoming progressively worse, he was readmit! | on 
January 26, 1929, and was operated upon © ays 
later. The 8 inches of blind ileum distal | the 
anastomosis performed the previous Novemb« had 
become greatly elongated and distended, « | it 
filled the lower half of the abdominal cavity. — was 
coiled upon itself, with dense adhesions to the. cum 
and pelvic wall. The blind end of the ileum w__ par- 
tially freed from adhesions when the patient gen- 
eral condition became too serious to permit sec 
tion, and the operation was hastily termina’ | by 
performing a lateral ileo-ileostomy between vint 
near the end of the blind limb and an area 1me- 
diately distal to the former ileocolostomy. Ri very 
was prompt and the patient was dischar; | on 
February 9. 


‘From the Graduate School of Medicine and the Laboratory of Research Surgery, University of Pennsylvania, Philadelphia, anc 


St. Luke’s Hospital, Bethlehem, Pennsylvania. 
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Fig. 1. 
Fig. 1. Roentgenographic evidence of a dilated intes- 
tinal loop noted 7 weeks following lateral anastomosis be- 
tween ileum and colon. 
Fig. 2. Photograph showing dilatation and elongation 
of sidetracked ileal loop following the operation of lateral 


At a follow-up examination on September 21, 
1929, the patient was much underweight, due to a 
severe diarrhoea of 4 months’ duration. There had 
been occasional attacks of distention, borborygmus, 
and painful peristalsis. He was placed on a strict 
diet and on January 2, 1930, was greatly improved, 
although abdominal distention and a mild diarrhoea 
had persisted. His appetite had been good through- 
out, 

The patient was readmitted on January 7, 1930, 
during an aggravation of the abdominal symptoms, 
and he was operated on 3 days later. The lower two- 
thirds of the abdominal cavity was filled with the 
further elongated and dilated, blind loop of terminal 
ileum. Proximal to the ileocolostomy, the ileum 
seemed normal. The blind loop of ileum was freed 
of adhesions and resected at a point close to the 
ileocolostomy, and the sigmoid was sutured over the 
denuded areas. The patient was discharged on 
January 28 greatly improved, although he had a 
mild diarrhoea. The diarrhoea persisted for several 
weeks after his return home. At the final follow-up 
examination on May 8, 1931, the patient was in 
excellent health. 


SIDETRACKED LOOP OF ILEUM 


Fig. 


L 


Fig. 3. 
ileocolostomy for the relief of complete obstruction of 
terminal ileum. 

Fig. 3. Diagram explaining photograph in Figure 2. 
A, Anastomosis; C, colon; /, ileum; O, obstruction; 
SL, sidetracked loop. 


A search of the literature on intestinal ob- 
struction disclosed only an occasional clinical 
reference to complications occurring in the 
sidetracked loop of ileum following a lateral 
anastomosis for complete obstruction, which 
necessitated secondary operation and_ resec- 
tion; and failed to reveal reports of experi- 
mental work on this problem. In order to de- 
termine the fate of the sidetracked loop afte: 
lateral ileo-ileostomy or ileocolostomy for an 
induced, complete, and permanent obstruc- 
tion of the terminal ileum, 7 dogs were oper- 
ated upon. After operation all of the dogs 
were fed a liquid diet for 4 days, a soft diet for 
3 to 4 weeks, and thereafter a general diet. 
Fluoroscopic studies of the intestinal tract 
were made on 5 dogs several weeks after 
operation to ascertain, without sacrificing the 
animals, if dilatation of the sidetracked loops 
had occurred. 
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Fig. 4 Roentgenogram showing dilated loop of in- 
testine. 

Vig. 5. An elongated and dilated loop of sidetracked 
ileum after lateral ileo-ileostomy for complete obstruction. 


Three typical protocols are given below, 
followed by abstracts of four others. 


Dog 575. An obstruction was created in the ileum 
5 inches proximal to the caecum by severing the 
bowel transversely and inverting both ends. The 
closed ends were approximated by sutures in order 
to maintain the general relations of the ileum. This 
was followed immediately by a lateral anastomosis 
between the ileum 14 inches proximal to the obstruc- 
tion and the colon 5 inches distal to the ileocecal 
juncture. 

The dog made an uneventful postoperative recov- 
ery and for 4 weeks was well and active, with good 
appetite and normal bowel movements. At the end 
of this time he became listless, lost weight, developed 
slight distention, and a mild diarrhoea occurred 
which became progressively worse. At the end of 7 
weeks when fluoroscopic studies were made, bor- 
borygmus was evident and peristalsis was extremely 
hyperactive. A large dilated loop of bowel was dis- 
closed and a roentgenogram was taken (Fig. 1). 
Severe diarrhoea and weight loss continued, but 
other symptoms improved. The dog was sacrificed 
94 days after operation and an autopsy was per- 
formed immediately. 


Fig. 5. Fig. 6. 

Fig. 6. A drawing illustrating the condition wh ch is 
shown in the photograph of the intestines, Figure <1, 
Anastomosis; C, colon; /, ileum; O, obstruction; S/., side 
tracked loop. 


The abdomen was free from infection, ani the 
anastomosis was well healed with a stoma 1! 4 inches 
in length. The sidetracked loop of ileum had 
elongated from 14 inches to 22 inches and th: ter- 
minal 8 inches was dilated from three to four | mes 
the normal caliber, with generalized thinning «: the 
walls. The meso-ileum contained numerous |) mph 
nodes enlarged up to 1% inches in diameter. The 
dilated loop and adjacent bowel were placed « the 
abdominal wall of the dog and photographed _ | igs. 
2, 3); then removed and placed in formalin so! ‘ion. 

When the specimen was opened a small m -s oi 
hair and indigestible matter was found in the « ted 
loop, and the walls of the terminal 4 inche- vere 
very thin with many superficial ulcerations. The 
adjacent proximal 2 inches seemed normal, |) _ the 
remainder of the sidetracked loop contained : eral 
areas with thin walls and ulceraticn of the m__ osa. 
There were several ulcerated thin walled a: s in 
the ileum proximal to the anastomosis, an also 
in the colon proximal and distal to the anast: osis. 
The remainder of the specimen seemed : mal. 

Sections from the right lobe of the liver an irom 
the right kidney were macroscopically norm 

Microscopic sections of the dilated and thin alled 
portion of the loop showed some areas of | ios 
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lig. 7. A dilated loop of intestine revealed by the X-ray. 
Vig. 8. Photograph showing an elongation and dilata- 
tion of blind limb of ileum distal to lateral ileo-ileostomy. 


replaced by an ulcerative process made up mainly 
of plasma cells and fibroblasts, and other areas of 
small round cell infiltration extending well into the 
muscular layer. Sections from a grossly normal por- 
tion of the sidetracked loop disclosed hypertrophy 
of the muscular layer, and marked swelling of the 
mucosa with diffuse small round cell infiltration, 
lymphocytes and plasma cells predominating. 
Proximal to the anastomosis, the mucosa exhibited 
a mild degeneration and small round cell infiltration, 
while the muscular coat was extremely thin with 
considerable round cell infiltration, polymorpho- 
nuclear leucocytes in the minority. The macro- 
scopically normal colon exhibited a complete loss of 
the staining quality of nuclei of mucosal cells. The 
liver showed widespread cloudy swelling and paren- 
chymatous degeneration, most pronounced around 
the central portion of the lobules. The kidney ex- 
hibited considerable vascular injection, and severe 
glomerular and tubular degeneration, with areas of 
small round cell interstitial infiltration. 

_ Dog 499. An ileal obstruction was produced 6 
inches from the cecum and a lateral ileo-ileostomy 
was established between points of the ileum 16 
inches proximal, 3 inches distal to the obstruction. 
rhe immediate postoperative recovery was un- 
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Fig. 


lig. Q. 
Fig. 9. A graphic explanation of Figure 8. .1, Anasto- 


mosis; .1f, appendix; C, colon; /, condition in ileum; 
BL, blind limb. 


important and the dog remained well and active for 
5 weeks, when diarrhoea developed and became in- 
creasingly more severe, with slight distention and 
borborygmus. He lost weight, but remained active 
and bright. Fluoroscopic examinations 6 and 7 
weeks after operation demonstrated hyperactive 
peristalsis and a dilated loop of intestine. Roent- 
genogram is shown in Figure 4. Symptoms did not 
change during the following 7 weeks, except for 
lassitude and continued weight loss. The dog was 
sacrificed 14 weeks and 5 days after operation. 

At autopsy, the anastomosis was firmly healed 
around a stoma about 2 inches in length. The side- 
tracked loop of ileum had elongated from 16 inches 
to 28 inches and the terminal 8 to 9 inches had di- 
lated to about four times the normal diameter. The 
walls were very thin in many areas, although the 
terminal 4 or 5 inches seemed to be hypertrophied. 
There was slight dilatation of the ileum for 1 inch 
beyond the obstruction. The colon, and the ileum 
proximal to the anastomosis seemed normal. There 
were many large lymph nodes in the meso-ileum. 
The intestines were photographed (Figs. 5 and 6), 
and then placed in formalin solution. Sections of 
normal appearing tissue were removed from the 
right lobe of the liver and the right kidney. 
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When the specimen was opened the terminal 5 
inches of the dilated loop were found definitely hy- 
pertrophied with scattered ulcerations. 

The 8 inches proximal to this were thin walled 
with many deep ulcerations. There were scattered 
ulcers in the remainder of the loop and distal to the 
obstruction. The colon and the remainder of the 
ileum seemed normal. 

In a microscopical section taken from the hyper- 
trophied portion of the dilated loop, the muscle 
layer was greatly thickened with a degeneration of 
muscle fibers, many of which were displaced by in- 
lammatory tissue. The mucosa was markedly de- 
generated, necrosed, and infiltrated with inflamma- 
tory cells. The ileum to inches proximal to the 
anastomosis manifested slight degeneration of the 
mucosa and muscular layers. The liver exhibited 
widespread and intense fatty infiltration, with pig- 
mentation of the liver cells, most pronounced around 
the central veins. There was vascular congestion, 
and some of the central veins had thickened walls, 
while others were occluded with blood cells under- 
going organization. The kidney showed advanced 
tubular, and moderate glomerular degeneration. 

Dog 657. The operative procedures on this dog 
were designed to simulate those in clinical Case 2. 

The ileum was severed transversely 6 inches from 
the ileocwcal juncture and its ends were turned in. 
A lateral ileo-ileostomy was performed allowing the 
proximal end of the ileum to extend 8 inches beyond 
the anastomosis. 

The immediate postoperative recovery was un- 
eventful. Diarrhoea developed in 3 weeks and be- 
came increasingly more severe. There was listless- 
ness, slight distention, and considerable weight loss 
at the end of 6 weeks. The fluoroscope demon- 
strated a dilated loop 6 weeks after operation. A 
roentgenogram was made (Fig. 7). The condition 
of the dog remained unchanged during the next 4 
weeks, and he was sacrificed to weeks and 3 days 
after operation. The appetite was well maintained 
throughout. 

At autopsy, performed very soon after death, 
there was no evidence of peritonitis, the anastomosis 
was well healed, and the stoma was 1% inches in 
diameter. The blind limb of ileum had elongated 
from 8 to 16 inches and the terminal 8 inches had 
dilated to three times the normal caliber, with the 
walls generally thin (Figs. 8 and 9). The lymph 
nodes in the meso-ileum were greatly enlarged. The 
section was removed and placed in formalin solu- 
tion. Seemingly normal tissue was removed from 
the right lobe of the liver and from the right kidney. 

When the specimen had been opened the terminal 
4 inches of the dilated limb were found hypertro- 
phied with many small ulcerations. The walls in the 
remainder of the loop were thin and ulcerated. There 
were scattered ulcerations in the ileum proximal to 
the anastomosis, between the anastomosis and the 
cecum, and in the colon. 

Microscopically, a section from a thin portion of 
the dilated limb manifested marked degeneration 
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and necrosis of the mucosa, extending to the musc|.: 
layer. A section from a thick portion of the limb di- 
played degeneration and necrosis of the surface «/ 
the mucosa. Sections from normal appearing colo) , 
showed small round cell infiltration and slight cd 
generation of the mucosa. The liver and the kidn 
exhibited the same type of widespread degenerati: » 
changes seen in the other dogs. 

Dog 487. Obstruction was produced and an ik 
colostomy was established as in dog 575. The ii 
mediate postoperative course was similar to thi 
described in the protocols of the other dogs. Dez \ 
occurred 6% weeks after operation from gene: | 
peritonitis, due to a perforation in the obstruct | 
loop. Gross and microscopical findings were mu | 
the same as those described in the three protoc 
The terminal 3 inches of the sidetracked loop w. 
hypertrophied. 

Dog 651. Operative procedures were the same s 
in dogs 575 and 487. Postoperative symptoms i 
physical findings were almost identical to th se 
previously described. A dilated loop of intestine \ (s 
observed fluoroscopically after a barium meal it 
the end of 5 weeks. The dog was sacrificed dur ig 
the ninth week. Macroscopically and microsc« 
cally the findings were similar to those in the ot er 
dogs. 

Dog 713. Obstruction and ileo-ileostomy was dine 
as in dog 499. The postoperative course was pr \c- 
tically the same as that of all the other dogs until 
death occurred 6 weeks after operation from gen 
eral peritonitis resulting from a perforation in ‘he 
obstructed loop. Gross and microscopic findings 
were similar to those found in the other dogs. !he 
terminal 1'% inches of the obstructed loop was /|iy- 
pertrophied. 

Dog 492. A lateral ileo-ileostomy was performed 
as in dog 657, leaving a blind limb 6 inches long. 
The postoperative course was about the same as 
that of the other animals. Fluoroscopic evidence of a 
dilated intestinal limb was seen at the end «! 7 
weeks. It was necessary to sacrifice the anima! 13 
weeks after operation because of extreme em: cia- 
tion and debility. The terminal 5 inches of th: en 
larged blind limb were hypertrophied. Macros: opic 
and microscopic findings were similar to thos: ob 
served in the other animals, but in all instance the 
degenerative changes were more advanced. 


SUMMARY 


In two clinical cases of complete ob: uc- 
tion in the terminal ileum resulting fror ad- 
hesions, various types of lateral anastor )ses 
were done without removal of the ileur 
tween the anastomosis and the obstru: (on. 
Following the anastomoses the patien’ de- 
veloped diarrhoea, borborygmus, abdo inal 
distention, marked weight loss and de’ ity. 
without impairment of appetite. In ach 
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patient complete recovery followed resection 
of the sidetracked loop, which was greatly 
elongated, markedly dilated, and ulcerated. 

An intestinal obstruction was produced in 
the terminal ileum in 7 dogs, following which 
various types of lateral anastomoses were done, 
allowing the sidetracked loops to remain. 
After operation all of the dogs developed diar- 
rhaa, borborygmus, distention, weight loss, 
and debility, but maintained a good appetite. 
Two dogs died from general peritonitis result- 
ing from perforation of the sidetracked loop. 
Five dogs were sacrificed. In all 7 dogs the 
sidetracked loop was found markedly elon- 
gated, greatly dilated, and ulcerated. Mi- 
croscopic sections showed areas of deep and 
superficial ulceration in the dilated loops; 
superficial mucosal ulceration of the ileum and 
colon remote from the sidetracked loops; and 
widespread, advanced degenerative changes 
in liver and kidney. 


CLINICAL APPLICATION OF EXPERIMENT 


The terminal ileum was selected for study in 
the experimental work because it is a common 
site for obstruction from adhesions as evi- 
denced by the two clinical cases. 

Photographs of roentgenograms, and dilated 
sidetracked loops displayed on the abdomens 
of the dogs have been omitted in the abstracts 
of the four protocols because they were prac- 
tically identical to those presented. 

The more advanced liver and kidney 
changes in two dogs might have been due, in 
part, to the general peritonitis. 

The superficial necrosis of the mucosa in the 
intestines remote from the sidetracked loop, 
indicated a general enterocolitis as the cause 
of the severe diarrhoea in all of the animals. 
It is assumed that a similar condition existed 
in the two clinical cases reported and was re- 
sponsible for the diarrhoea which persisted 
throughout their illnesses, and for several 


— after resection of the sidetracked 
oops. 
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The type of degenerative changes observed 
in the liver and kidney sections from the dogs 
probably were present in the 2 patients and 
might have been a factor in the toxicity which 
they displayed and the period of slow re- 
cuperation which followed resection. 

The postoperative signs and symptoms oc- 
curring in all of the dogs were similar to those 
observed in the two patients prior to resection 
of the sidetracked loop. 

Fluoroscopic and X-ray examination aid 
diagnosis in detecting elongation and dilata- 
tion of the sidetracked loop of ileum in pa- 
tients who exhibit the symptoms and signs of 
the two clinical cases. 

Surgeons generally recognize that it is not 
advisable to permit a blind limb to extend be- 
yond a side-to-side anastomosis. In any 
lateral anastomosis for permanent, complete 
obstruction the sidetracked loop corresponds 
to a blind limb extending beyond the anasto- 
mosis. 

CONCLUSIONS 

1. The sidetracked ileal loop of a lateral 
ileo-ileostomy or ileocoiostomy for complete, 
benign obstruction of the terminal ileum is 
likely to become greatly elongated, dilated, and 
ulcerated. An enterocolitis with mucosal de- 
generation, and degenerative lesions of the 
liver and kidneys will probably develop. 

2. Whenever possible, the sidetracked ileum 
should be resected at the time the lateral 
anastomosis is done. 

3. If resection is inadvisable because of the 
condition of the patient, the lateral anasto- 
mosis should be done as near the obstruction 
as possible, and should be regarded only as a 
first stage operation, to be followed by a re- 
section of the sidetracked loop of ileum at a 
more favorable time. 

4. As an alternative procedure it is sug- 
gested that the ileum might be divided as 
close to the obstructive lesion as possible and 
be followed by an end-to-side anastomosis, 
which eliminates a blind end. 
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Part I. EXPERIMENTAL STUDY 
ESPITE the fact that the rdle of light 
1) in the genesis and development of 
cancer is of interest both experimen- 
tally and clinically, very little clear-cut ex- 
perimental work has been done upon this sub- 
ject. Part II of this paper, a critical review of 
the literature on light as a carcinogenic factor, 
emphasizes the necessity for well controlled 
experimental data. With the object of col- 
lecting such data, we attempted to determine 
the carcinogenic effect of tar applied to mice, 
kept in an environment from which light was 
totally excluded. 

Material and methods. In one corner of our 
animal room, a light proof chamber, 18 by 15 
by 12 feet, was built, two sides of which were 
made up of the south and east walls of the 
animal room, and the other two sides of 0.5 
inch fiber board (Masonite) that extended 
from floor to ceiling. There were three win- 
dows in the original wall space. Instead of 
walling in these windows, light traps were 
built about them so as to permit the entrance 
of air and to exclude light. The entrance to 
the room was through a light proof maze, 
built of fiber board. All joints and crevices in 
the fiber board walls were made light proof by 
caulking. A 14 inch galvanized iron flue pipe, 
painted black on the inside and furnished with 
light blocking baffles, entered through a light 
tight opening and led to an exhaust fan within 
the dark room. In this manner a constant 
stream of fresh air was kept moving from the 
windows out through the exhaust duct. In 
the room were two steam radiators, by means 
of which the temperature could be regulated. 
The room was furnished with racks for mice 
cages, a work bench provided with a ruby 
light, and storage places for animal food,} tar, 

1 As an added precaution, the animal food (chiefly cracked corn) was 
kept in the dark room. The green stuff and bread and milk, which were 


necessary in the diet of the mice, could not be kept entirely unexposed to 
light. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


LIGHT AND TAR CANCER 


AN EXPERIMENTAL Stupy, witH A CRITICAL REVIEW OF THE LITERATURE ON LIGHT AS A 
CARCINOGENIC FACTOR 


M. G. SEELIG, M.D., F.A.C.S., aAnp ZOLA K. COOPER, Px.D., St. Lours, Missourtr 
From the Research Laboratory of The Barnard Free Skin and Cancer Hospital 


and various accessories. This room assur! 
total darkness and an environment that ws 
otherwise comparable to that in which mic 
live out their natural lives in the ordinary wv! 
constructed animal room. After the room was 
built, a set of highly sensitive photograp)ic 
plates were exposed in it for 48 hours. When 
developed, these plates showed no evidence 
of being light struck. 

The tar used in these experiments was (/is- 
tilled so that only the fraction coming ol) it 
370 to 440 degrees C. was collected. This <is- 
tillation” was so executed that this tar fraction 
(370 to 440degrees C.) was not exposed to light 
during the process. The tar was then kept 
stored in the dark room, in light proof recep- 
tacles. 

Three sets of mice were segregated for the 
experiment: (1) 125 male mice, approximately 
3 months old, were set apart for tarring in the 
dark; (2) a similar group of 125 were set apart 
for tarring in the light; and (3) a similar group 
of 50 were kept as controls in the dark room. 
This last group was not tarred and was used 
merely as a check on living conditions in the 
dark. The experiment was not begun until 
the mice had been kept in the dark for 3 weeks. 

After the elapse of this preliminary period, 
the group of 125 mice kept in the dark were 
tarred, as were the similar group kept in the 
light. After preliminary depilation with so- 
dium sulphide, tar was applied between the 
scapul, once or twice a week until the «ni- 
mals died. A complete autopsy was pct- 
formed on every mouse. All skin lesions and 
all suspicious visceral nodules were removed 
and examined in microscopic sections. 

It was not until the experiment ha’ run 
almost 4 months that we fully realize: the 
advisability of using genetically bred mice. 
The comments of Little have much force, ven 

2 We are indebted to Messrs. D. Wilson and J. Kohlberg, © 


clede Gas Light Company of St. Louis, for their courteous and entiusias- 
tic co-operation ‘in furnishing us our tar distillate. 
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though one may not be willing to subscribe 
unqualifiedly to his statement that “‘it is, to- 
day, as careless to use unknown genetic mate- 
rial in experimental pathology, as it is for a 
chemist to attempt to analyze substances, 
using unknown, rather than known, reagents.” 
After much soul searching, we decided to pre- 
sent our data, such as it was, rather than to 
start the long drawn out procedure of raising 
300 genetically bred mice, and starting the 
experiment anew. We were emboldened in 
this position by the fact, as emphasized by 
Roffo, that in tar cancer, the receptivity 
or susceptibility varies, not only in animals of 
different species and in animals of near rela- 
tionship, but even among animals of the same 
family. Moreover, susceptibility varies in dif- 
ferent anatomical sites of the same animal, 
and possibly even in cells of the same anatomi- 
cal site. Twort and Twort emphasize, in par- 
ticular, the impossibility of establishing a 
standard value of the unit of carcinogenicity. 
Reinhard and Candee found that strains of 
mice with either a high or low incidence of 
spontaneous cancer responded similarly to 
tarring, except that the latent period, in the 
low incidence strain, was 14 weeks longer than 
in the high. Parodi found also that individual 
susceptibility varied, even in a strain of 
genetically bred mice. These several ob- 
servations, in addition to Roffo’s testimony, 
strengthened us in our determination to run 
the experiment through with ordinary labora- 
tory mice. 


GROUP I. 125 MICE, TARRED 23 TIMES DURING 
A PERIOD OF RESIDENCE IN TOTAL DARK- 
NESS OF 27 WEEKS 


After living for 3 weeks in the dark, the 
mice of this group were tarred with the high 
fraction tar distillate, already mentioned. 
The tar was applied to the interscapular re- 
gion at the root of the neck, over an area about 
1.5 centimeters in diameter. At first these ap- 
plications were made every third day, but our 
tar proved to be so highly toxic that we varied 
the time interval between paintings to meet 
the problem of high death rate. The last ani- 
mal in the group died 24 weeks after the first 
application of tar, and during this period tar 
Was applied 23 times. During the last 4 weeks 
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of the experiment, no application of tar was 
made. In the early part of the experiment, 
crust was removed as it formed at the site of 
application of the tar, but since this seemed 
to favor toxic absorption of the tar, we, later, 
let the crust drop off spontaneously. 

When an animal died, a complete autopsy 
was performed, the tarred area was excised 
and paraffin sections of it prepared. From the 
outset, we determined to call only those 
gro'vths carcinomata in whick. we could dera- 
onstrate that the neoplastic epithelium infil- 
trated the subcutaneous muscle layers. It 
scarcely seems advisable, in this report, to go 
into the lengthy and intricate chapter of the 
essential histological criteria of tar cancer. 
Those who are interested will find the subject 
discussed by Woglom, and by Seelig and 
Cooper. Here it suffices to say that intramus- 
cular infiltration seemed to us to be, of all 
others, the most satisfactory and reliable basis 
for the diagnosis of cancer. We avoid the use 
of the terms epithelioma and cancroid, and, 
although in several of our mice (in the group 
kept in the dark, and likewise in the group 
kept in the light), the cell morphology, 
growth, tinctorial reaction, and mitotic ac- 
tivity of the lesions, pointed indubitably to 
the diagnosis of cancer, we did not record the 
tumor as such unless it infiltrated out of 
bounds, inio muscle tissue. 

In Group I, thickening and keratosis of the 
skin was noticeable, macroscopically, 2 weeks 
after the first application of tar. At about 8 
weeks after the first painting, papillomata 
began to appear. Some of these growths, 
which macroscopically appeared to be papil- 
lomata, proved microscopically to be more on 
the order of keratotic warts. After 4 weeks 
of tarring, 27 mice had died, a mortality rate 
of slightly over 20 per cent. Part of this high 
mortality rate (which was paralleled by the 
control group, tarred in the light) was due to 
toxic effects of the tar, and part of it to an 
epidemic of diarrhoea, which invaded the en- 
tire colony of laboratory at this time. Later, 
our animals suffered from what seemed to be 
an epidemic form of pneumonia. However, 
the death rate among the animals used in this 
experiment was not high enough to invalidate 
our final results. 
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Beginning with the eighth week, papil- 
lomata were abundant, and from then on, 
these papillomata either showed a tendency 
to develop induration about the base, or to 
ulcerate. Some of them dropped off, to be 
replaced by new papillomata. 

By the end of the eighth week, approxi- 
mately 50 per cent of the animals had died; 
by the end of the twelfth week, 70 per cent; 
by the end of the twentieth week, go per cent. 
There were now 8 surviving animals which 
succumbed one by one, the last one dying 24 
weeks after the beginning of tarring. An 
analysis of this mortality rate discloses that 
if we assume dogmatically that we might ex- 
pect carcinogenesis to develop about the 
tenth week, then at this time 47 of our original 
group of 125 mice remained alive. Of these 
47 mice that remained, 11 mice developed 
carcinomata, conforming to the histological 
criteria already described. The tumors were 
all of the squamous cell type, and all of them 
presented histological evidences of very active 
growth (mitoses, markedly anaplastic cells,— 
both with regard to size and shape of the cells, 
and variations in tinctorial reaction,—and 
very little evidence of keratinization or pearl 
formation). 

Visceral metastases were found in only 2 
of the 125 mice in Group I. These 2 animals 
showed squamous cell carcinomata of the 
lungs. In one mouse, a regional lymph node 
of the root of the neck showed a metastatic 
squamous cell carcinoma. (In the case of the 
lymph node, it was quite apparent that we 
were dealing with a metastatic focus; but we 
are unwilling to dogmatize regarding the car- 
cinomatous foci in the lung, for we know of no 
reliable method of differentiating primary or 
spontaneous carcinomata of the lungs from 
secondary or metastatic foci). 

The 11 mice that developed carcinomata 
died 110, 116, 125, 136, 139, 146, 147, 150, 
153, 155, and 157 days, respectively, after the 
beginning of tarring. In view of the fact that 
our plan was to examine tissues only after the 
animals had lived out their lives, and that we 
were unwilling to add the element of trauma, 
incident to performing a biopsy, we cannot 
furnish data regarding the earliest time at 
which the cancers were demonstrable. The 


most that we can say is that 11 out of a series 
of 125 mice developed cancer (approximately 
9 per cent), and that the average duration o/ 
life of these mice was 140 days after the be- 
ginning of tarring. 

In Group I, 2 mice developed growths that 
showed all the other characteristics of malig 
nancy, but that did not infiltrate muscle. We 
did not classify these tumors as malignant. 


GROUP II. 125 MICE, TARRED 27 TIMES DURIN«: 
A PERIOD OF RESIDENCE IN THE LIGHT (fF 
32 WEEKS 


In this control group, as in Group I, we 
found that owing to the toxicity of our tar, we 
could not make the applications on fixe: 
dates, or at predetermined intervals. ‘The 
last animal in this group died 32 weeks after 
tarring was begun, and during this period, tar 
was applied 27 times. It will be noted, there- 
fore, that the length of the experiment was 5 
weeks greater than that of Group I, and that 
4 more applications of tar were made. It 
scarcely seems warrantable from these facts 
to draw any specific conclusions regarding the 
influence of light on the general hygiene and 
duration of life of the animals, or on the toxic- 
ity of tar. 

In this group, just as in Group I, each 
animal was permitted to live out its life, 
pathological examinations being made in 
every instance after death. Macroscopically 
no essential differences from Group I were 
apparent in this group, with regard to crust- 
ing, thickening of the skin, keratosis, or ‘le- 
velopment of papillomata. At the end of the 
sixteenth week, the mortality rate was 85 per 
cent, as contrasted with 84 per cent in Group 
I; by the end of the twentieth week, the mor- 
tality was go per cent as contrasted with 58 
per cent in Group I. The last animal died 
228 days after the tarring was begun. A par- 
ticularly interesting phase of the comparative 
mortality rate in the two groups, is that the 
early mortality was much greater among the 
animals of Group I. For example, at the end 
of 4 weeks, the mortality rate in Group | was 
23 per cent, whereas in Group II, it was 9 per 
cent (see Table I). 

The significance of this difference in mor- 
tality rate lies in the fact that a larger number 
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of mice in Group II received applications of 
tar over a longer period of time than in Group 
|. Despite this, in Group II, only 5 carci- 
nomata developed, as contrasted with 11 that 
developed in Group I. In all of the animals 
the tumors were of the same histological type 
as those in Group I, and in one animal there 
developed a squamous cell carcinoma of the 
lung, which we considered metastatic. In 
this group the first animal in which carcinoma 
was found, died 161 days after painting began, 
the other 4 animals dying, respectively, 172, 
194, 198, and 221 days after the beginning of 
painting. Compared with Group I, these fig- 
ures would seem to indicate a delayed effect; 
but since we had no way of determining ex- 
actly when the cancers developed, we do not 
feel warranted in stressing the time element. 

In this group, there were 3 mice with tumors 
that showed all the other characteristics of 
malignancy but that did not infiltrate muscle. 
We did not classify these tumors as carci- 
nomata. 


GROUP III. 50 MICE, UNTARRED, KEPT IN 
THE DARK FOR 22 WEEKS 


This group was used merely to check the 
eflect of living conditions in the dark room. 
An unusually high mortality rate might have 
indicated that darkness alone exercises a 
marked constitutional effect on the animals. 
However, when the last of the tarred animals 
died, in the dark, 21 of the original 50 of the 
untarred animals of Group III were still liv- 
ing. This represents a mortality rate of 58 per 
cent, which is not abnormally high for a group 
of 50 mice, over a period of 22 weeks, if we 
bear in mind the two epidemics already men- 
tioned. It would seem, therefore, that com- 
plete darkness in itself does not influence the 
general condition, nor the mortality rate of 
the mice to a degree that in any way affects 
the experiment. 


CONCLUSIONS 


1. The absence of light did not cause any 
physical compromise in a group of mice sub- 
jected to total darkness over a period of ap- 
proximately 5 months. 

2. White light is not a necessary factor in 
the development of tar cancer in mice, be- 
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TABLE I.---MORTALITY RATES 

Group Group Group 

Tarred in Tarred in Not tarred 

the dark the light in the dark 
Duration of experiment "24 (weeks) "32 (weeks) + 22 (weeks) 
Number of tarrings 23 27 ° 
Number of carcinomata 11 
Per cent of mice developing 8.8 _ 

carcinomata 
Number of metastases 2 I ° 
Mortality per cent 

“8th week ot | | wo 
12th week 68 8 27. 6 
rothwek &8 | 8.6 | 
zothweek 
28th week 98.4 | 
32nd week | 


_*Experiment discontinued after 22nd week— 2 per cent of animals 
still living and well. 


cause in total darkness, in the group of mice 
used in these experiments, a larger number of 
tar cancers developed than developed in a 
similar group of mice that were tarred and 
kept in the light. 

3. The comparatively larger number of 
carcinomata occurring in the mice kept in the 
dark is too small to warrant the conclusion 
that the absence of light in itself favors the 
development of tar cancer in mice. 

4. These experiments do not eliminate the 
possibility that light may be a secondary fac- 
tor in the genesis of experimental cancer. 
They furthermore do not warrant dogmatic 
and direct deductions applicable to human 
cancer. 


Part II. A CriticAL REVIEW OF THE 
LITERATURE ON LIGHT AS A CARCINOGENIC 
FACTOR 


Ten years before the beginning of the pres- 
ent century, the Hamburg dermatologist, 
Unna, made elaborate histological studies of 
the influence of light on the development of 
cancer. These studies were made in relation 
to the development of cancer in Xeroderma 
pigmentosum, and in “sailors’ skin” (a dis- 
ease described originally by Unna). Unna 
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announced that light was the noxious agency 
in the production of these two special forms of 
cancer, and that the histological changes to be 
noted in the precancerous skin lesions (capil- 
lary hyperemia, venous ectasis, hyperkerato- 
sis, sclerosis of the skin surface, and pigmenta- 
tion) indicated endeavors on the part of the 
skin to neutralize the injurious influence of 
light. The pigmentation blocks all light and 
the hyperemia protects the deeper structures 
by cutting out the highly actinic blue rays (as 
does the photographer’s ruby light). The 
hyperkeratosis, sclerosis, and capillary atrophy 
of the papillary bodies operate not by arrest- 
ing the light, but rather by diminishing its 
influence on cutaneous tissues that are ‘‘less 
sensitive, drier, harder, more tendonous and 
callous.” 

Watkins-Pitchford, in 1909, attempted to 
develop an all embracing theory that “cancer, 
whether of special sections of community life, 
or of special parts of the body of the individ- 
ual, is caused by an illumination in excess of 
that which can be dealt with by the protective 
agencies of habit, posture, coverings and ex- 
ternal pigmentation, and in excess of that 
which may be controlled by the agencies of 
internal pigmentation and _ cell-memory-for- 
former-environment”’; that ‘the generally in- 
creased liability of man as compared with the 
lower mammalia is chargeable against the 
comparative novelty of his attitude, and 
almost complete loss of his hairy coat”’; that 
“the special liability of the white man, as 
compared with the black man, is due to the 
loss of pigmentation and to his changed envi- 
ronment”’; and finally, that “these liabilities 
do not show themselves in the individual as 
vague, general and constitutional predisposi- 
tion, but are strictly confined to those parts of 
the body in which irradiation becomes ex- 
cessive.” 

Watkins-Pitchford characterizes his thirty 
page prize essay as purely “an induction from 
observation.” It is all of this and nothing 
more. The author has assembled, however, a 
striking amount of comparative anatomical, 
physiological, pathological, and ethnological 
data in support of an hypothesis, which he 
leaves unproved. Hofiman suggests that 
the high incidence of cancer among seamen 
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and fishermen may lend support to Watkins 
Pitchford’s hypothesis. ‘This is possibly truc; 
but a great deal of support would be necessar\ 
in order to furnish essential strength to ay 
hypothesis that makes light /ve agency in the 
causation of cancer. 

Paul states that the most important cutane- 
ous lesions in Australia (viewed from the 
standpoint of prevalence and destructive c/- 
fects) are rodent ulcer and “epithelioma.” 
He believes that the most significant causi- 
tive factors of these lesions are the actinic rays 
of light, and that the most significant inhibit- 
ing factor is the pigment deposit in the skin, 
particularly noted in the colored races occuy)y- 
ing the tropical and subtropical countries. |n 
these people, the effect of sunlight is minimal 
despite the fact that exposure to it is most 
severe and long continued. 

Paul believes that melanin stands as a skin 
sentinel, protecting the underlying tissues 
from the baneful effects of sunlight. In the 
white races, this pigment is confined, for the 
most part, to the periphery of the cells of the 
basal layerof the epidermis, and the lowermost 
stratum of the prickle cell layer, while the pig- 
ment granules may also be found in the inter- 
epithelial spaces and in the fusiform connee- 
tive tissue cells of the papillary body. Paul 
quotes Macleod as authority for the statement 
that, in the dark races, pigment is to be found 
as high up as the transitional layers of the 
epidermis, as well as in some of the connective 
tissue cells of the superficial portions of the 
corium. 

Watkins-Pitchford and Paul are not the 
only authors who stress the possibility of mak- 
ing the actinic light rays responsible for skin 
cancer. Duhig also thinks that they are the 
sole factors responsible for that discase, 
though he admits that the evidence on which 
his belief rests is indirect. Duhig is pathologist 
to the Coast Hospitals Board, and to the 
Brisbane Hospital, in Queensiand, Australia, 
where he gathered the data on which he |).ses 
the following statements: 


Cancer of the skin is four times more common in 
males than in females, and in those females aliccted, 
considerable periods of exposure to the strong sun- 
light of Queensland have been known to occur. 
Those males affected, almost invariably give a good 
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history of exposure. Also the disease is one prepon- 
derantly of life beyond the middle years; that is, the 
longer the exposure, the greater the incidence, while 
Jack of exposure runs concurrent with the absence of 
the disease, even in advanced life. 

‘he disease occurs practically exclusively on those 
parts of the body constantly exposed to sunlight. In 
3 cases only of nearly 500 investigated, did cancer 
occur on habitually unexposed skin—once on the 
foot, probably as the result of trauma, once on the 
thigh for a similar reason, and once on the thoracic 
wall, for no discoverable reason. The disease occurs 
preponderantly on the face, ears, and neck, and on 
the back of the hands in only about 5 per cent of the 
cases. Cancer of the back of the neck is almost ex- 
clusively confined to males at present, though I 
would predict that as a result of the fashion of short 
hair, and the very silly one of berets and cloche, and 
similar brimless hats in summer, affected by women 
in this country in an effort to keep up with the over- 
seas magazine life, cancer of that part of the body 
will be later just as common among women as now 
amongst men. 

It is strange that no direct evidence of an experi- 
mental kind is available as to the effect of sunlight 
on the human skin, though some little work has been 
done on the effect of the ultraviolet and of the spec- 
trum. I do not know that it is necessary to prove, 
experimentally, the bad effect of direct sunlight on 
the human skin; to me such work would only go to 
confirm my present opinion that skin cancer is solely 
due to excessive exposure to sunlight. It is commonly 
believed that only persons of ruddy complexions 
accompanied by russet or reddish hair are suscep- 
tible. After a long experience, I would say that 
probably, susceptibility is inversely proportional to 
abundance of skin pigment in a general way, but 
that a brunette complexion is not a safeguard. It 
is a very significant fact, however, that cancer of 
the skin does not occur in India, to any extent 
among the native races. 


In an article on cancer in the negro, Hofi- 
man furnishes a veritable storehouse of 
information on the subject of cancer in the 
dark skinned races of the world. The data 
presented by Hoffman is so highly statistical 
and his reasoning so closely knit that an in- 
justice would be done him by an attempt to 
abridge his article within short compass. He 
does, however, make categorical statements 
to the effect that (1) cancer mortality of the 
American negro tends more and more to ap- 
proach that of the white population, as the 
result of a persistent rise in the cancer death 
rate of the negro during the past 30 years; (2) 
hegro women show a much greater liability 
than white women, to malignant and benign 
tumors of the generative organs and also of 
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the breast; (3) the prevailing rate of cancer of 
the skin is 3 times higher in whites than in 
negroes. 

It is, of course, manifestly inadequate to 
select three terse statements such as the above 
from an essay packed with information; but 
for our immediate inquiry it is sufficient to 
know that Hoffman is strongly inclined to 
believe that available statistics seem to sup- 
port the opinion that the colored races are 
less liable to skin cancers, because of the pro- 
tective influence exercised by the pigment of 
the skin. 

Heller, in his study of cancer in tar and 
mineral oil workers in the United States, 
found a very low incidence of the disease. In 
part, he attributes this to the fact that the 
negro workers in this industry possess at 
least a partial immunity to skin cancer. This 
assumption carried with it, of necessity, the 
conclusion that the carcinogenic effect of tar 
is, in part, at least, dependent upon the acti- 
vating influence of light.! 

In the clinic of The Barnard Free Skin and 
Cancer Hospital of St. Louis, we have made 
no special survey, but it is the unanimous 
opinion of all the workers in this institution 
that although breast and visceral cancer is 
very common in the negro, strikingly few pa- 
tients with skin cancer have been seen during 
the past 25 years. 

Up to this point, we have considered only 
those investigators, who have contented 
themselves with formulating experimentally 
uncontrolled hypotheses regarding the influ- 
ence of light on the development of cancer. 
It has, of course, been recognized for years 
that the carcinogenicity of actinic rays could 
not be accepted on any other than experi- 
mental proof. Considering the importance of 
light as a possible factor in cancer, one is 
struck by the scanty efiort devoted to the ex- 
perimental study of this topic. 

Grynkraut makes a contribution which 
seems to have the flavor of research, but which 
in reality is only a theory built up on an intri- 
cate bit of hypothetical reasoning involving 
exogenous and endogenous light rays (the 
latter corresponding to the so called mitogen- 


| Heller does not furnish any grounds for believing that the negro 
enjoys any other special immunity not shared by white workers. 
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etic rays of Gurwitsch and a hypothetical sen- 
sibilisateur, which permits the utilization of 
light, and puts the cell nuclei in resonance 
with the wave length. 

Bachem and Reed developed a method of 

-measuring the transmission of light rays 
through tissues, thus facilitating the study of 
the problem of penetration. The method de- 
pended essentially on filtering the rays of a 
Kromayer lamp, an incandescent bulb, and 
infra-red radiation. These authors concluded 
from their studies, that the visible and near 
infra-red rays are strongly absorbed in the 
blood of the corium and subcutaneous layers; 
that the infra-red has very little penetrating 
power, not much of it going beyond the epi- 
dermis; and that variation in percentage pene- 
tration is greater in the ultraviolet than in 
other portions of the spectrum. At 280 milli- 
microns, absorption is marked in the corneum 
and prickle cell layer. On both sides of the 
band near 300 and 250 millimicrons, the pene- 
tration is greater, reaching the stratum mal- 
pighii and corium. From 250 millimicrons 
down, the absorption is so complete as to pre- 
vent any radiation from reaching the living 
layers of the skin. These authors believe that 
the strata corneum and granulosum must play 
an important part in light protection in lower 
sensitive layers. 

The lipids, and in particular cholesterol, 
have assumed an increasingly prominent réle 
in the story of cancer genesis. Roffo, who 
has probably done the largest amount of work 
in this particular field, believes that the lipids 
exercise a strong influence in preparing the 
terrain for cancer growth. More than this, he 
correlated the greater frequency of cancer of 
those regions of skin exposed to light with the 
increased cholesterol content of the exposed 
areas. Rats exposed to the sun developed a 
larger percentage of cholesterol than did con- 
trol animals. Roffo also reports observations 
to prove that in cancer and precancerous 
lesions there is an hypercholesteremia, with 
localization of cancer in the regions showing 
highest percentages of cholesterol. He believes 
that a relationship exists between the photo- 
activity of cholesterol and cell function, that 
sunlight serves to fix the cholesterol in the 
tissues, and that cholesterol then becomes an 


organic accumulator of light. The cholesterol 
becomes photoactive as a result of oxidation 
by light, the intensity of the oxidation depeni- 
ing upon the length of irradiation. Irradiation 
produces molecular changes, the molecular 
weights varying according to the duration of 
radiation. 

One hesitates to accept some of Roffo’s con- 
clusions regarding the specific agency of 
cholesterol in cancer; and this hesitancy be- 
comes all the more pronounced if one believes 
with Bishop that “our knowledge of the /ac- 
tors that determine the level of the various 
lipoid constituents in the blood in diseass is 
pitifully meager. There is no evidence to sup- 
port the suggestion of abnormal cholesicrol 
conditions in association with cancer.” .\ny 
one who carefully surveys the literature of 
tar cancer must be struck by the conflicting 
reports regarding the stimulating or inhibiting 
effect of lanolin, whether applied at the tarred 
site or remote to it. These conflicting reports 
incline one to be skeptical of Roffo’s conclu- 
sions. Downes, in a study of 63 cases of malig- 
nant tumors, could find neither a constant re- 
lationship between the concentration of 
cholesterol in whole blood and plasma, nor 
any increase above normal of the blood choles- 
terol in the presence of cancer. Klaus reports 
a lowering of blood cholesterol in genital can- 
cers in women. Thus, the reports vary al! the 
way from hypocholestereemia to hypercholes- 
teremia, rendering the topic one of utter 
scientific chaos. 

Unfortunately, we encounter a somewhat 
similar state of affairs in the published experi- 
mental data dealing with the carcinoyenic 
power of the ultraviolet rays of the spectrum. 
There seems to be no doubt that ultraviolet 
light is a factor in initiating skin cancers. but 
there is a clear cut conflict of opinion as to 
whether or not these rays serve to hasten the 
process of cancer development in mice that 
have been tarred. 

Findlay (7) impressed by the citations in 
the literature of the high incidence o/ skin 
cancer in sailors, bargemen, fishermen, lighiter- 
men, farmers, gardeners, and grazicrs, 1 
Americz, England, France, Italy, and Aus- 
tralia, concluded that even if the statistical 
value of the various reports were not high. 
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they nevertheless suggested strongly that sun- 
light and ultraviolet light may play an impor- 
tant part in the genesis of cancer. 

in order to check this assumption, Findlay 
exposed mice to the rays of a quartz mercury 
vapor lamp. His conclusions were: (1) Expo- 
sure of mice to ultraviolet rays for a period of 
at least 8 months, caused the development of 
papillomata and epitheliomata (malignant) of 
the skin. (2) When mice were tarred and ex- 
posed to ultraviolet light, the period necessary 
for the induction of cancer was shorter than 
when either tar or violet ray exposure was 
used alone. (3) A series of 20 mice, tarred for 
one month, did not develop cancer, but in a 
similar series, tarred and exposed to ultra- 
violet light at the same time, 3 mice developed 
cancers. 

In a later paper, Findlay reported the 
development of cancer in rats following expo- 
sure to ultraviolet light. The period necessary 
for induction of the cancers in rats was 21 
months, in contrast with 8 months in mice, 
but Findlay attributes the increased time ele- 
ment to the species difference rather than to 
the nature of the stimulus. 

Herlitz, Jundell and Wahlgren, exposed 27 
mice to ultraviolet rays for 1 to 2 hours every 
1 to 3 days for 7% months (quartz lamp, 70 
centimeters distance). After 200 days, 17 mice 
were alive and all of them showed one or more 
skin tumors, most of which were carcinomata. 
A group of control animals showed no tumors. 

Putschar and Holtz exposed 57 rats, day 
and night, to ultraviolet rays, at a distance of 
6o centimeters. After a period of more than 6 
months, 13 of the 35 living animals developed 
malignant new-growths. These authors ques- 
tion the accuracy of Findlay’s observations 
because of his much shorter exposures. 

Rathman and Bernardt also question 
Findlay’s conclusions, and report that using 
rabbits, they were not able to produce experi- 
mental cancer after 9 months of daily exposure 
to ultraviolet rays. 

Kohn-Speyer reached the conclusion from 
her experiments that irradiating mice with 
ultraviolet light, as an adjunct to tarring, 
does not produce tumors (warts) more quickly 
than does tarring alone. She is unable to ex- 
plain the discrepancy between Findlay’s and 
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her findings, but suggests that Findlay’s 
rested on some, as yet undetermined cause, 
other than ultraviolet radiation alone. 

There remains for discussion the work that 
has been done in natural light, in light in other 
than the violet end of the spectrum, and in 
the absence of all light. With the exception of 
the clinical observations of the supposed re- 
lationship between sunlight and skin cancers, 
which we have already noted, and the work of 
Roffo on the carcinogenic potency of photo- 
active cholesterol, which we have also dis- 
cussed, very little work has been done with 
pure sunlight. Neumann, in an experimental 
study of tar cancer, merely mentions the fact 
that animals (mice) exposed to ‘‘intense illu- 
mination” showed no greater tendency to 
develop malignant tumors than did those that 
were kept under ordinary conditions 

From what we know of the réle that light 
plays in some of the diseases of metabolism, 
and from what we know of the clinical effects 
of light deprivation, it is not difficult to im- 
agine that this same agency may be a factor 
in the origin and growth of cancer. A recent 
paper by Dodds calls attention to some of the 
work done by Warburg, illustrating by “‘a re- 
markable observation” the influence of light 
on the process of cell respiration: “‘if a slice of 
tissue is poisoned with carbon monoxide (CO) 
gas, cell respiration is strongly inhibited in the 
dark, but reappears when the tissue is brightly 
illuminated.” 

It is, of course, self-evident, that one of the 
approaches to the problem of light as a car- 
cinogenic agent, lies in the direction of deter- 
mining the effect of its total exclusion. The 
value of such an approach, it seems to us, lies 
in large part, in securing total darkness in the 
photochemical sense. Animal experimenta- 
tion under such conditions is not easy of ac- 
complishment. Marsh emphasizes this when 
he calls attention to inadequate ventilation 
and high temperature, as compromising fea- 
tures of his experiments. Dodds (who kept 
his mice in individual darkened cages) reports 
that mice can develop tumors in darkness, but 
by his own statements, he admits that his 
cages were “‘nearly light tight” and that the 
darkness in the cages was “‘all but complete.” 
If we are testing the effect of absence of light, 
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then light must be absent and not partially 
absent. In Part I of this paper, we have de- 
scribed in detail how exclusion of light may 
be accomplished without in any other way 
interfering with the routine life of mice. 

In addition to Dodds, the following workers 
have studied the effect of absence of light: 
Bang, Lipschuetz, Schorr and Ssobolewa, and 
Vlés, De Coulon, and Ugo. Half of these 
workers report that complete darkness exer- 
cised no influence on the development or 
growth of tar cancers, whereas the other half 
report that darkness tends to inhibit the de- 
velopment of tar cancers. Bang mentions, 
incidentally, that mice kept in complete dark- 
ness develop cancer as rapidly as do control 
animals. Unfortunately, he furnishes no in- 
formation as to what constitutes obscurilé com- 
plete in his experiments, how many animals 
he used in his light experiments, or what were 
his criteria of malignancy. The fact that, in 
all his experiments (including the ones done in 
darkness), he secured 115 cancers in 263 mice, 
arouses the suspicion that what he called can- 
cer would not be so classified in our laboratory. 
Bang’s work leaves a residuum of doubt on 
several counts, and leaves room for confirma- 
tory work. 

Lipschuetz is very definite in his statement 
that he worked in a well constructed photo- 
graphic dark room, though no mention is 
made of means of regulating temperature or 
ventilation. He found that darkness played 
no inhibitory réle in the development of pig- 
ment (melanomata) in his tarred mice. But 
here again one is left in reasonable doubt re- 
garding the significance of darkness in the 
development of tar cancer, because Lipschuetz 
was exclusively studying pigment formation, 
and in black and gray mice. 

Schorr and Ssobolewa divided tarred white 
mice and mice with transplanted tumors into 
groups (14 to 58 mice in a group) and sub- 
jected each group to varying light conditions, 
which were maintained during the process of 
tarring. They concluded from their experi- 
ments that light cannot be disregarded as a 
factor influencing the development of ex- 
perimental cancer. Absolute darkness seemed 
in some instances to have no effect, but as a 

rule, darkness and also exposure to blue rays 
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retarded the development of cancer and also 
lessened the tendency of the tumors to ulcer- 
ate. In spite of repeated careful reading of 
the article by Schorr and Ssobolewa, we could 
not determine how they excluded light, nor 
how efficiently it was excluded. 

Vlés, De Coulon, and Ugo merely make the 
unsupported statement that when mice were 
kept in close confinement in dark cages. a 
retardation in the development of cancer in 
the tar painted animals occurred. Naturally, 
one has difficulty in determining just how to 
evaluate such a statement. 

The conclusion that one must almost inevi- 
tably draw from a survey of the literature on 
light as a carcinogenic factor, is that more 
direct experimental evidence and data must 
be furnished if one hopes either to confirm the 
hypotheses that have been put forward, or to 
evaluate the worth of conflicting conclusions 
that have been drawn from experimental «!ata. 
With such an object in view, the experiments 
detailed in Part I of this paper were plained 
and executed. 
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was to determine the degree of infecti- 

bility of simple incised and sutured 
wounds subsequently swabbed with a culture 
of pathogenic organisms after various inter- 
vals of time. 

Howes, Sooy, and Harvey studied the rate 
of healing of clean, incised, sutured wounds in 
dogs by mensuration of the tensile strength 
of these wounds at definite intervals. They 
concluded that there exists a quiescent phase 
or ‘“‘lag period,” of from 4 to 5 days, charac- 
terized by “fibrin formation in the blood or 
plasma exuded between the surfaces of the 
fresh wound.” During this interval, the 
approximation of the incised tissue is de- 
pendent upon the mechanical coaptation of 
its sutures. From the sixth day on, however— 
“the period of fibroplasia, manifest by multi- 
plying fibroblasts and sprouting blood ves- 
sels” —the wound rapidly develops intrinsic 
holding power until, from the tenth to the 
fourteenth day, its tensile strength reaches a 
maximum, comparable to that of unincised 
tissue. 

Carrel (3) studied the mechanisms of the 
repair of surgically aseptic cutaneous open 
wounds in dogs, by measurement of the 
variations in their dimensions. He showed 
that there is a quiescent period lasting from 
1 to 5 days, during which the dimensions of 
the wound do not vary. This is followed 
abruptly by a period of ‘‘granulous retrac- 
tion.” The rate of reparation of the granulous 
period is directly proportional to the size of 
the wound. The end of this period coincides 
with the beginning of the period of epidermi- 
zation which is inversely proportional to the 
dimensions of the wound. This period is 
succeeded by the period of cicatrization, of 
considerable length, during which progressive 
enlargement of the scar occurs. In a later 
report, Carrel and LeComte Du Noiiy (4) 
state that the latent period of cicatrization in 
dogs varies generally from 5 to 7 days. It 
stops abruptly and contraction starts with 
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maximum velocity. Carrel and Hartmann‘ 5) 
found, in subsequent experiments, that when 
a surgically aseptic open wound becomes in- 
fected, arrest or regression of the repair 
occurs, yet the senior author states that the 
application of turpentine, chick embryo, and 
staphylococci decreases markedly the length 
of the latent period, often to less than 2 days. 
This work is of considerable interest in rela- 
tionship to our findings. 

Billroth, one of the first to make a siudy 
of wound infections, demonstrated ‘hat 
granulating surfaces offer considerable resist- 
ance to infection. Virulent organisms, im- 
planted on granulating tissues of dogs, cause 
no infection, but these same bacteria inocu- 
lated into fresh wounds result in extensive 
infection, in some instances leading to the 
death of the animal. He believed that this 
resistance of granulation tissue is due to lack 
of lymphatics. Noetzel and Afanassieff, work- 
ing on absorption of poisons from granulating 
tissues, both independently, came to the 
conclusion that granulation tissue affords con- 
siderable protection against the invasion of 
bacteria. Halley, Chesney and Dresel, demon- 
strated that granulations constitute a rela- 
tively unfavorable environment for the sur- 
vival and growth of Streptococcus erysiplatis 
and Staphylococcus aureus. 

It is a clinical truism on the other hand 
that fresh wounds are readily infected. In 
1897, Schimmelbusch and Ricker showed that 
there is rapid absorption of both pathogenic 
and saprophytic bacteria from fresh }!veding 
wounds. W. H. Welch states: “The period 
during which the rapid absorption of |).cteria 
from a fresh wound takes place is «0! short 
duration. As soon as a coagulum has /ormed 
on the surface of the wound, the open :ouths 
of lymphatics and blood vessels are plugged, 
the conditions have changed and fine p ticles 
like bacteria are no longer quickly transported 
into the intact lymphatics and blood circula- 
tion. The surface of a healthy granulating 
wound offers great resistance to the ivasion 
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of bacteria, almost as much as an intact 
exposed surface of the body. Slight injuries, 
such as probing, removal of dressings and 
other manipulations may convert a granulat- 
ing surface into a fresh wound with accom- 
panying dangers of infection.” 

However, from an experimental point of 
view that period in which an operative incision 
changes from an excellent locus of infection 
to one offering protection comparable to that 
of intact epidermis is not known. That 
period in healing, in which a wound may be 
manipulated without danger of resulting in- 
fection through surface implantation of 
organisms, whether by wilful or unintentional 
abandonment of the principles of asepsis, 
has not been demonstrated. 


PROCEDURE 


From the Surgical Wards of the Peter 
Bent Brigham Hospital a 24 hour broth cul- 
ture of Staphylococcus aureus hamolyticus 
was obtained from an abscess of the buttock; 
0.5 cubic centimeter of this culture was in- 
jected subcutaneously into each of four 
guinea pigs, and in three days, all developed 
typical abscesses. Smears of the pus demon- 
strated the organisms in pure strain. This 
strain was kept on plain agar and its virulence 
maintained and checked by weekly inocula- 
tions into guinea pigs. Six hours prior to its 
experimental use, it was transferred to 
dextrose infusion broth, 0.5 cubic centimeter 
of this 6-hour broth culture being used in 
each of the experiments. 

The operative technique in all experi- 
ments was the same. The abdomen of each 
pig was widely shaved and cleansed with 
green soap and water. The operative field 
was carefully prepared with 70 per cent 
alcohol and bichloride of mercury (1:4000). 
The abdomen was draped in the usual man- 
ner. Under ether anesthesia an incision 5 
centimeters in length was made through the 
skin, subcutaneous tissue, and abdominal 
musculature. Haemostasis was assured. The 
musculature was then carefully approximated 
with interrupted fine black silk sutures, and 
the skin closed in like manner, care being 
taken to leave no dead spaces or gaping edges. 
A sterile dressing was applied and kept intact 
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with adhesive, simulating Montgomery straps. 
These were found very satisfactory and an- 
chored the dressing down tightly. To guard 
further against contamination of the wound, 
the animal’s legs were fastened with rubber 
bands, which necessitated the maintenance of 
a dorsal position. 

Thirty incisions were made in each series of 
experiments, except the first, in which forty- 
two were made. In the first series no organ- 
isms were implanted; in the second, imme- 
diately at the close of operation 0.5 cubic 
centimeter of a broth culture of Staphylo- 
coccus aureus hamolyticus obtained as de- 
scribed above was gently swabbed along the 
operative site, and a sterile dressing applied; 
in the third, 2 hours were allowed to elapse 
before the sutured wound was similarly 
treated; in the fourth series, 6 hours; in the 
fifth, 12; in the sixth, 24; and then 24 hours 
later in each subsequent series. Control 
experiments were performed both independ- 
ently and in conjunction with each series as 
to the virulence of the organisms, the resist- 
ance of the intact skin to resist these organ- 
isms, and on the ability of the uninoculated 
wound to heal by first intention. 


RESULTS 


1. Operative incisions in guinea pigs, made 
and followed with aseptic technique, heal by 
first intention. In 42 operative procedures, 
41 wounds healed without infection. One 
developed a small stitch abscess on the fifth 
day. Stitches were removed routinely on the 
sixth day, and on the eleventh day the scars 
were scarcely discernible. 

2. Staphylococcus aureus hemolyticus im- 
planted upon the intact skin does not cause 
infection. The organisms were smeared on 
the shaved abdominal wall of forty guinea 
pigs. No infection occurred. 

3. In the first series of 30 animals, Staphy- 
lococcus aureus hemolyticus was implanted 
along the line of closure at the completion of 
the operative procedure. Within 4 days gross 
infection was present in all cases. Four 
guinea pigs died of overwhelming infection 
within 3 days; 3 had extensive spreading 
infections of the anterior abdominal wall; 20 
developed gross abscesses in the subcutaneous 
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tissue and muscle layers; and 3 an accumula- 
tion of suppurative fluid beneath the skin. 
Microscopic sections confirmed the gross 
findings. Gram stains revealed staphylococci 
in great numbers. The three control incisions 
healed without infection. 

4. In the second series Staphylococci 
aureus hemolyticus were implanted upon the 
sutured wound 2 hours after operation. Gross 
infection was apparent in all incisions within 
4 days. Five guinea pigs died of overwhelm- 
ing infection within 3 days. Two developed 
an extensive spreading infection of the 
anterior abdominal wall. Twenty-two had 
gross abscesses, and one an accumulation of 
suppurative fluid beneath the skin. The con- 
trols were uninfected. Their findings were sub- 
stantiated by microscopic examinations. Large 
numbers of staphylococci were found in all 
inoculated incisions. 

5. In the third series, staphylococci were 
implanted upon the sutured wound 6 hours 
after operation. Infection was present in all 
incisions within 4 days. One pig died of over- 
whelming infection within 3 days. There were 
no extensive infections of the abdominal wall. 
Twenty-eight incisions developed gross ab- 
scesses. One incision showed no evidence of 
infection grossly, but microscopic examina- 
tion revealed its presence. The control inci- 
sions healed by first intention. The organ- 
isms were found in large numbers in all the 
infected wounds. In general, the infections 
were less extensive in this series than in the 
two preceding ones. 

6. In the fourth series, staphylococci were 
implanted upon the sutured wound 72 hours 
after operation. Infection was present in 83 
per cent of the incisions within 4 days after 
implantation of the organisms. There were 
no deaths and no extensive infections in con- 
trast to the previous series. Twenty-one 
incisions contained gross abscesses. Micro- 
scopic evidence of infection was found in four 
incisions though not manifest grossly. Five 
(17 per cent) showed no gross or microscopic 
evidence of infection. The control incisions 
healed per primam. The organisms were 


demonstrated in all the infected wounds. 
There was a marked decrease in the severity 
of infections in this series. 
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7. In the fifth series, staphylococci were 
implanted upon the sutured wound 24 hours 
after operation. Infection was present in 66 
per cent of the incisions within 4 days, after 
the implantation of organisms. There were no 
deaths and no extensive infections. Fifteen 
wounds had gross abscesses; only one of 
which was at all severe. Staphylococci were 
present in these lesions. Five showed unnis- 
takable evidences of infection microscopically, 
which was not apparent grossly. In 4 of 
those incisions demonstrated to have in/ec- 
tion only by microscopic means, no organisms 
were found. Ten incisions (33 per cent) were 
healing per primam intentionem. The controls 
were negative. 

8. In the sixth series, staphylococci were 
implanted upon the sutured wound 2 days 
after operation. Infection was present in 56 
per cent of the incisions within 4 days alter 
the implantation of organisms. There were 
no deaths and no extensive infections. ‘Thir- 
teen incisions were found to have gross ab- 
scesses, two of which were severe. Four inci- 
sions showed no gross evidence of infection, 
but microscopic sections revealed its presence. 
Thirteen incisions (44 per cent) were healing 
by first intention. Staphylococci were present 
in all the gross lesions, and in 3 of the 4 mi- 
croscopic lesions. The controls were negitive. 

g. In the seventh series, staphylococci 
were implanted upon the sutured wound 3 
days after operation. Infection was present in 
36 per cent of the incisions within 4 days after 
the implantation of organisms. Six incisions 
contained gross abscesses, in all of which 
staphyiococci were found. None of these ab- 
scesses were Over 0.5 centimeter in diameter. 
Five wounds showed evidence of infection on 
cut section although not visible grossly. In 2 
of these staphylococci were identified. Nine- 
teen incisions (64 per cent) showed no evi- 
dence of infection. The controls were negative. 

10. In the eighth series, staphylococci were 
implanted upon the sutured wound ; days 
after operation. Infection was present in 10 
per cent of the incisions within 4 days after 
the implantation of organisms. One incision 
was found to have a gross abscess 0.1 centl- 
meter in diameter in which the staphylococcus 
was identified. Two showed unmistakable 
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Fig. 1. 
isms in sutured wounds. 
evidence of infection microscopically but not 
grossly. Noorganisms were shown in these two 
sections. ‘Twenty-seven (go per cent) healed 
by first intention. The controls were negative. 

11. In the ninth series, staphylococci were 
implanted upon the sutured wound 5 days 
after operation. Gross and microscopic exami- 
nation revealed no infection. 

12. In the tenth series, staphylococci were 
implanted upon the wound 6 days after opera- 
lion, immediately following the removal of 
all skin silks. No infections could be demon- 
strated either grossly or microscopically. In 
7 instances, the wound was partially reopened 
while pulling out the stitches, and the organ- 
isms were swabbed into the defect without 
resulting infection. 

13. In the eleventh series, staphylococci 
were implanted upon the wound 7 days after 
operation and 24 hours following the removal 
of the skin silks. No infections could be 
demonstrated either grossly or microscopically. 
On the eleventh day after operation, when 
the wounds were examined, it was only with 


diiculty that the operative incision could be 
identified. 


DEDUCTIONS 


_ These results demonstrate that after an 
Incision of tissue, there follows a well defined 


of Staph. 


Aur fotlowing operation. 


Curve showing relationship of infection to time of implantation of organ- 


period about 6 hours in length in which that 
tissue’s resistance to invasion by bacteria is 
at a minimum. In this period, bacteria not 
only flourish and cause suppuration in the 
local lesion, but invade, without apparent 
restraint, the environing tissues, setting up 
extensive, rapidly spreading infections, which, 
in a number of instances, result in the death 
of the animal. After this period, however, 
the factors concerned in the repair and pro- 
tection of tissue become increasingly apparent. 
When organisms are implanted upon a 
sutured wound 12 hours after operation, 
although the great majority of incisions be- 
come infected (83 per cent) the infections are 
localized. No systemic infections develop, 
which overwhelm the animal, and no extensive 
spreading suppuration occurs. From _ this 
time on, the percentage and severity of infec- 
tions steadily decreases (see Table I) until, 
between the fourth and fifth post-operative 
days it is no longer possible to cause infection 
by implantation of virulent organisms on the 
surface of the wound (see graph). 

This period of from 4 to 5 days coincides 
with the ‘“‘lag period” of healing wounds, de- 
scribed by Harvey (7) and by Carrel (3), and 
which Harvey points out is common to all 
growth phenomena. This period is charac- 
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TABLE I.—DURATION OF INFECTION 
Time of implantation of Staphylococcus aureus following operation. 
Degree of infection — 
° | 2 hr. | 6 hr. 12hr. | 24hr. | 2 days | 3 days | 4 days | 5 days | 6 days | 7 days 
Severe 21 25 17 7 I 2 ° ° ° ° y ° 
Albecess 1.0 cm. in diameter 5 2 7 ° ° 2 ° ° ° ° iw 6 
Abscess 0.51.0 cm. in diameter I 3 8 5 4 4 3 ° ° ° 
Abocess 0.2-0.5 cm. in diameter 3 ° 2 8 8 3 I ° ° ° \ re 
Abscess 0.1-0.2 cm. in diameter ° ° I I | 2 3 2 I ° ° ~ 
Microscopic only ° ° I 4 | 5 4 5 2 ° ° ¥ 
None ° | © ° 5 10 13 19 27 30 30 
Total infections 30 | 30 | 30 25 20 17 It 3 ° i y 
Percentage infections | 100 | 100 | 100 83 66 56 36 10 ° ° | 
SUMMARY 


terized by ‘fibrin formation in the blood or 
plasma exuded between the surfaces of the 
fresh wound.” This “fibrin formation” 
apparently has but little resistance against 
the invasion or multiplication of bacteria 
and it is only when it has been replaced by 
fibroblasts that protection against bacterial 
invasion becomes complete. It would seem, 
therefore, that resistance to infection is not 
complete, until the lag period of a healing 
wound (4 to 5 days) has been succeeded by 
what Harvey speaks of as the period of 
fibroplasia—manifest by “multiplying fibro- 
blasts and sprouting blood vessels.” 

It is of clinical importance that for the 
first 5 days following an operative incision, 
extreme care be taken in the manipulation of 
a wound, as during this period, infection is 
possible from implantation of virulent organ- 
isms on its surface. 

On first thought it might seem surprising 
that when virulent organisms are implanted 
along a wound, on the sixth day, immediately 
following the removal of stitches, no infection 
results. However, upon consideration that 
these stitches have become ‘walled off” by 
granulation tissue, which is highly resistant 
to the invasion of bacteria, it is readily under- 
stood. Even in those instances in which, 
due to a sudden movement of the animal 
while removing a stitch, a small segment of 
the wound was reopened, no infection devel- 
oped, although the organisms were swabbed 
into this defect. This is likewise explainable 
upon the same factor of resistance of granula- 
tion tissue to the invasion of bacteria. 


1. The resistance of a healing wound to 
infection is minimal during the first 6 hours. 

2. After the first 6 hours, infections 
crease in number and severity until fifth day. 

3. On the fifth day after operation, the 
resistance of a wound to infection hasreachic| 
a level comparable to that of intact tissue. 

4. Removal of stitches on the sixth day 
after operation does not lower the resistance 
of the wound to infection. 

5. The period of infection corresponds to 
the ‘lag period”’ of healing wounds. 
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NHE surgical removal of sympathetic 
| ganglia has been followed by relief of 
symptoms in selected cases of Ray- 
naud’s disease (2), thrombo-angiitis oblit- 
erans (3), chronic infectious arthritis (19), and 
the acral type of scleroderma (4), but studies 
of the ganglia removed have been inadequate 
to determine the presence of any constant 
histological changes. 

Operations consisting of the removal of 
ganglia have stimulated interest in the 
clinical, physiological, and pathological as- 
pects of the sympathetic nervous system. 
This study is based on 208 cases in which the 
cervicothoracic sympathetic ganglia were 
removed to obtain sympathetic denervation 
of the upper extremities, and the second, 
third, and fourth lumbar sympathetic ganglia 
were removed to obtain sympathetic denerva- 
tion of the lower extremities. In all cases, 
removal of the cervicothoracic ganglia was 
carried out according to the technique de- 
scribed by Adson (1), consisting of postero- 
median incision over the lower cervical and 
upper thoracic vertebra, followed by the bi- 
lateral removal of the transverse process and 
a portion of either the first or second rib, per- 
mitting entrance into the posterior mediasti- 
num, and access to the cervicothoracic sym- 
pathetic trunk. The lumbar sympathetic 
trunk was removed through a median ab- 
dominal and bilateral transperitoneal incision, 
the second, third, and fourth sympathetic 
ganglia on both sides at the same operation (2) 
being removed. 

In a certain number of operations for the 
removal of sympathetic ganglia, indications 
of inflammatory reaction in both the posterior 
mediastinum and in the postperitoneal tissues 
were found. In the abdomen, enlarged lymph 
nodes frequently interfered with the exposure 


of the sympathetic chain to such an extent 
that it was necessary to dissect and remove 
them before the operation could be com- 
pleted. Although enlarged lymph nodes were 
not encountered in the posterior mediastinum, 
the difficulty of dissecting the sympathetic 
trunk due to adhesions suggested the presence 
of mild mediastinitis. These observations at 
operation raised the question of local inflam- 
matory reaction playing some part in the 
dysfunction of the sympathetic system, by 
involving the ganglion tissues and cells. Con- 
sequently we have been making a study of the 
ganglia removed at operation and not only 
have examined them histologically but have 
cultured them on different mediums to inves- 
tigate possible bacterial invasion. The ganglia 
which have been removed have been kept 
sterile, emulsified, and cultured in glucose - 
brain broth and brain agar. In only a few in- 
stances have there been any positive cultures 
and these Rosenow reported as consisting of 
pleomorphic streptococci. 

The local inflammatory reaction about the 
sympathetic ganglia in the operative cases 
aroused our interest to such a point that ob- 
servations were made in 40 non-operative 
cases at postmortem, in which derangement of 
function of the sympathetic nervous system 
had not been apparent. It was surprising to 
find that in a large percentage of these cases 
the lymph nodes lying postperitoneally along 
the vertebral column and superimposed on the 
lumbar sympathetic chain were enlarged and 
simulated the picture seen at operation, but 
this could not be established as an inflamma- 
tory process. 

In order to correlate the clinical, surgical, 
and pathological aspect of these cases, we 
have tabulated our histological observations 
to correspond to the clinical diagnoses, and 
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although all the ganglia have been investi- 
gated, we are presenting four clinical histories 
from the entire group of cases as a background 
of our pathological considerations. These 
cases have been chosen not only because they 
represent the diagnostic groups, but also be- 
cause they responded exceptionally well to 
the therapeutic application of sympathetic 
ganglionectomy. Therefore, any pathological 
changes occurring in the ganglia should have 
been evident in these cases. 

In the cases of Raynaud’s disease, 50 were 
submitted to operation; in some of them bi- 
lateral lumbar ganglionectomy, in some bi- 
lateral cervicothoracic ganglionectomy, and in 
others both operations were done. 


RAYNAUD’S DISEASE 


This disease occurs in adult life, predom- 
inating in women, and is characterized by the 
presence of symmetric changes in the color of 
the hands and feet or of the fingers and toes. 
It may involve the upper or lower extremities, 
and occasionally the nose and the lobes of the 
ears. The blanching of the skin is brought 
about by vasoconstriction of the vessels, due 
to exposure to cold or emotional influences. 
This blanching is followed by cyanosis, which 
continues until the vasoconstriction subsides. 
In the earlier stages of the disease, this sub- 
sidence is accompanied by discomfort, then 
by aching, and finally by severe pain. As the 
disease progresses, the changes in color be- 
come more prominent and the skin remains 
more or less cyanosed unless the condition is 
relieved by the application of heat externally. 
Should the vasoconstriction become pro- 
longed and the circulation markedly de- 
creased, gangrene may occur. Gangrene in 
Raynaud’s disease differs from the gangrene 
which occurs when the vessels are occluded, 
in that it produces dry ulcers at the tips of the 
fingers or toes with distorted growth of the 
nails, instead of complete gangrene of one of 
the digits. If the process is allowed to con- 
tinue, the gangrene will ascend and will be- 
come extremely painful. Usually the patient 
complains of subjective numbness, which in- 
terferes with the function of the extremity and 
adds to the general discomfort and incapacita- 
tion. The disease does not always progress to 
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the severe forms; hence the milder forms may 
be controlled by changing occupation or cli- 
mate. When the symptoms persist, and 
ulceration and gangrene develop, operation 
should be performed. In almost all the cases 
in which operation has been performed, the 
relief of pain is almost instantaneous, the 
cyanosis disappears, and the skin becomes 
warm, pink, and dry; the ulcers heal, the nails 
take on normal growth, and the patient is 
restored to normal health. 


Illustrative case. A woman, aged 25 years, gave a 
history of blanching of the right index finger 3 years 
previous to registering at The Mayo Clinic; ‘his 
came on during the winter months, but disappeared 
in summer. The next winter, however, the condition 
became gradually worse, both hands becoming 
cyanotic to the wrists, associated with numbness and 
dull aching pain. This did not clear up with the 
advent of warm weather, and the following winter 
small dry ulcers developed in different finger tips, 
and the feet also began to manifest the symptonis of 
color changes and pain when exposed to cold. 

General examination was essentially negative ex- 
cept for marked vasomotor changes in the extremi- 
ties. A diagnosis of Raynaud’s disease was made, 
and because the hands were more involved than the 
feet, cervicothoracic sympathetic ganglionectomy 
was performed. The stellate and second thoracic 
sympathetic ganglia were removed from both the 
right and left sides (Fig. 1). The patient’s convales- 
cence was uneventful and she was completely re- 
lieved of cold, blue, numb hands; 15 days after 
operation, the ulcers on the tips of the fingers had 
completely healed. 

An interval of 6 weeks was allowed to elapse be- 
fore operative interference to relieve the lower ex- 
tremities was thought advisable. The paticnt’s 
complaint concerning her feet was similar to that 
concerning her hands in that there were marked 
grades of cyanosis on exposure to cold, mild pain, 
numbness, and tingling followed by periods of re- 
covery during which there was burning, redness, and 
sweating. The symptoms were completely relieved 
after bilateral lumbar sympathetic ganglione:tomy 
at which time the second, third, and fourth lumbar 
sympathetic ganglia were removed on both: sides 
(Fig. 1). 


In these, as in all the other ganglia removed, 
various points were noted. The blood vessels 
showed a mild degree of thickening of the wall 
with subsequent narrowing of the lumen s0 
that the ratio of lumen to wall which /s nor- 
mally 2 to 1 in small arteries was now ouly 1.7 
to 1. In addition in a few arterioles, there was 
an increase in prominence of the lining endo- 
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thelial cells, but this was by no means uni- 
versal and was present only in a mild degree. 
There was no evidence of acute or chronic 
inflammation; there were no fibroblasts or in- 
crease in the connective tissue as shown by the 
van Gieson stain, and polymorphonuclear 
leucocytes were not present. Although there 
was no inflammation, lymphocyte-like cells 
were present, and these were in two small 
groups and not scattered diffusely throughout 
the ganglia. At one end of the ganglia there 
was slight oedema of the connective tissue. 
This varied greatly in the various ganglia 
removed for this condition and was never 
pronounced. Besides the stains used as a 
routine, thionin stain, Orlandi silver impreg- 
nation method, Hortega’s silver carbonate 
method, and Cajal’s gold chloride and sub- 
limate method were employed in the study of 
the ganglion cells. In the case under con- 
sideration there was little change in any of the 
cells other than that seen normally. There 
was slight chromatolysis in less than a third 
of the cells and slight vacuolization in the 
periphery of some of the others; this was not 
advanced and was present in about half of the 
cells. In the same cells, some of the endocap- 
sular cells were prominent, and the vacuoles 
in the periphery of the ganglion cells appeared 
to be caused by swelling of the endocapsular 
cells. Some of the capsular cells thus ap- 
peared as deep-staining nuclei with clear 
spaces around them, causing excavations of 
the cytoplasm of the underlying ganglion 
cells. Only occasionally was there any 
demonstrable increase in the ectocapsular 
cells. The various special stains were un- 
satisfactory in demonstrating the bodies of 
the endocapsular cells. In a seventh of the 
ganglion cells pigment granules were not 
present, whereas in about five-sevenths a 
slight amount was present (graded 1), and in 
the remaining seventh there was considerable 
pigment (graded 2). This is a normal phe- 
nomenon and is seen constantly in increasing 
amounts in normal ganglia with advancing 
age. In ganglia removed from patients with 
Raynaud’s disease, in the group in which 
there was no pigment, the average age of the 
patients was 24.3 years, in the group in which 
pigment was graded 1, the average age was 


33-7 years, and in the group in which it was 
graded 2, the average age was 4o years, thus 
conforming to the tendency for increased pig- 
ment deposition in many nerve cells, espe- 
cially sympathetic ganglia with advancing 
age. There is, in any control series of ganglia, 
a marked variation in pigment precipitation, 
but it is almost always more abundant in the 
ganglion cells of older persons than in those of 
younger persons. 


THROMBO-ANGIITIS OBLITERANS 


There were 97 patients with thrombo- 
angiitis obliterans on whom the cervico- 
thoracic or lumbar ganglionectomy or both 
types of operation were performed, and the 
ganglia removed were studied histologically. 

Thrombo-angiitis obliterans occurs in adult 
life, has a predilection for men, and affects 
persons of all races, in spite of the fact that it 
formerly was supposed to occur more com- 
monly among Jews. The underlying causes 
have not all been determined. The disease 
seems to progress after infection of the inner 
walls of the arteries and formation of a clot 
which occludes the vessels, thus decreasing 
the blood supply to the extremity. The infec- 
tion and the formation of the clot vary in 
degree and distribution. The condition may 
affect the distal part of one principal artery, 
or it may include all the principal arteries of 
all extremities at different periods. The usual 
course of this disease is rather slow; the main 
vessels of the feet and legs become involved 
early and those of the upper extremity later. 
When it is economically possible, relief can 
be obtained by discontinuing work, remaining 
at rest in bed, applying heat to the extremi- 
ties, and being treated with vaccines admin- 
istered intravenously. In time, organization 
of the intravascular clot takes place and circu- 
lation is restored. However, many patients 
are compelled to work, subjecting their hands 
and feet to trauma, and ulcers may develop 
sooner or later and refuse to heal. These 
ulcers become infected, the infection spreads 
to the adjacent tissues, and more thrombosis 
and gangrene appear, necessitating amputa- 
tion of the extremity (9). By means of opera- 
tions on the sympathetic system, it is possible 
to relieve the vasomotor spasm of the col- 
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lateral vessels, which improves circulation, 
tends to prevent ulceration, infection, and 
gangrene, and hastens healing of existing 
ulcers and abrasions. In suitable cases se- 
lected by means of the various tests of altered 
vasoconstriction [Brown’s “fever test’ (7), 
White’s (22) diagnostic nerve block, and 
White (22), Morton and Scott’s (16) spinal 
anesthesia test], the temperature of the skin 
is increased from 2 to 10 degrees, depending 
on the amount of vasoconstriction present be- 
fore the operation, the ulcers begin to heal, 
and the patient is restored to his former status 
as a wage earner. Moreover, the operation 
may prevent further gangrene and extension 
of the process to the opposite extremity, 
which usually is involved to a slighter degree 
than the extremity which causes the symp- 
toms. Operation is not advised for milder 
cases, in which the patients are not incon- 
venienced greatly, are free from ulcers, and 
are able to carry on regular work under symp- 
tomatic treatment. The normal expectancy 
for amputation of one or more limbs in cases 
of thrombo-angiitis obliterans even under 
ideal conditions is more than 25 per cent, but 
there has been a definite reduction of this per- 
centage in cases in which sympathetic gan- 
glionectomy has been performed. Less than 5 
per cent of the patients who have left the 
clinic following operations on the sympathetic 
ganglia have been obliged to submit to sub- 
sequent amputation (6). This comparison 
emphasizes the value of operations on the 
sympathetic system in protecting patients 
with thrombo-angiitis obliterans from losing 
one or more extremity by amputation. 


Illustrative case. A man, aged 35 years, came to 
the clinic complaining of pain in the feet and legs 
associated with ulcers and cyanosis of the toes. His 
history dated back almost 12 years, when, after 
trauma to the right instep, he experienced intermit- 
tent pain in walking. Six years following this, cyano- 
sis, rest pain, and ulceration in the right little toe 
developed, which proved very indolent to treatment. 
Five years after the trouble with the little toe began, 
a similar condition developed in both great toes and 
the ulcers remained open for several months. Fol- 
lowing this, cyanosis occurred in both feet, and inter- 
mittent pain developed. Two months before regis- 
tration at the clinic, the four lateral toes on the left 
foot became blue and cold, and ulceration occurred 
between third and fourth and fourth and fifth toes. 


On examination the lower extremities were cold 
and blue. The femoral and popliteal pulses were 
present on both sides; the posterior tibial artery on 
the right was partially occluded and completely 
occluded on the left; both dorsalis pedis arteries were 
occluded. The right foot was cold and dark, but did 
not contain ulcers; the left foot was cyanotic, espe- 
cially over the lateral portion, and indolent ulcers 
were present between the third and fourth and the 
fourth and fifth toes. 

A diagnosis was made of thrombo-angiitis ob!'1- 
erans with vascular insufliciency. Intravenous tv- 
phoid vaccine was given which was followed by in- 
crease of surface temperature sufficient for a satis- 
factory vasomotor index. Bilateral lumbar sym))i- 
thetic ganglionectomy was carried out, and the 
second, third, and fourth lumbar sympathetic gin- 
glia were removed (Fig. 1). There was evidence of «in 
inflammatory reaction about both sympathciic 
chains. The patient recovered uneventfully, «nd 
when seen almost a year after operation, he was 
working and was well satisfied with the result ob- 
tained in his case. 

Histological study of the ganglia showed 
that there was more proliferation of the lining 
endothelial cells of the arterioles and small 
arteries than in the cases of Raynaud’s (is- 
ease which we have studied, but this prolifcra- 
tion was by no means universal. There was 
also slight thickening of the walls of the larger 
vessels present in the ganglia, so that the nor- 
mal ratio of lumen to wall (2 to 1) was reduced 
to 1.8 to 1, and is thus less than that seen in 
the vessels examined in cases of Raynaud's 
disease. There was no evidence of acute or 
chronic inflammation. Fibroblasts were not 
present, and excessive connective tissue was 
absent, as demonstrated by special staining 
methods. Several small collections of lympho- 
cyte-like cells were present, but none were scat- 
tered diffusely throughout the ganglia. The 
groups were not associated with blood vessels. 
There was mild oedema of the connective tis- 
sue, but this was not universal in the ganglia. 
The oedema was more marked in the gaiiglia 
removed from patients suffering from throm- 
bo-angiitis obliterans than from any other 
ganglia studied. Special staining methods 
were employed in studying the ganglion cells 
themselves, but the changes that were )res- 
ent were very slight. There was a mild <cgree 
of chromatolysis in about a seventh of «!! the 

cells, whereas a fourth were normal. In more 
than half of the cells small vacuoles were pres- 
ent at the periphery, and these corresponded 
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in situation to the endocapsular cells. ‘The 
vacuoles appeared to have been caused by 
swelling of the endocapsular cells, the nuclei 
o! which were prominent, and cytoplasm 
could be demonstrated only with difficulty 
with the special stains; that is, Cajal’s gold 
chloride and sublimate method and Hortega’s 
silver carbonate method for microglia and 
oligodendroglia. The deep-staining nuclei 
were surrounded by a clear space such as is 
seen in acutely swollen oligodendroglial cells 
described by Penfield and Cone. Mucus 
stains revealed only slight traces of some of 
these vacuoles. ‘There were several cells 
which had been replaced by large vacuoles, 
and remnants of the ganglion cells were com- 
pressed at one part of the periphery against 
the cell capsule. This process of vacuolar 
degeneration or destruction seemed to be dif- 
ferent from changes brought about by swelling 
of the endocapsular cells. The swollen endo- 
capsular cells corresponded closely to the 
vacuolization present in the periphery of cyto- 
plasm of the ganglion cells. Pigment was 
present in the cytoplasm of more than go per 
cent of the ganglion cells, but was slight in 
amount in 75 per cent of the cells. There was 
considerable pigment in 20 per cent of the 
cells, and there were few cells in which there 
was pigment graded 3. The average age of the 
patients with thrombo-angiitis obliterans was 
35-7 years. The average age of patients with- 
out pigment in the ganglion cells was 29.6 
years, of those with pigment graded 1 the 
average age was 36.8 years, and of those 
graded 2 the average age was 46 years; the 
one patient with pigment graded 3 was aged 
53 years. This again conforms with the tend- 
ency for pigment to increase with advancing 
age in nerve cells, and especially in the sym- 
pathetic ganglion cells. 


ARTHRITIS 


Ganglia from 46 patients with arthritis were 
studied histologically. In some cases both the 
upper or lower extremities were denervated, 
and in others all four extremities. 

_ Among the various types of patients suffer- 
ing from chronic infectious arthritis are young 
adults who have painful, swollen, tender 
joints, associated with limited motion, atro- 
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phy of the muscles, and loss of function. Pa- 
tients complain also of cold extremities, mild 
changes in color of fingers and toes, and exces- 
sive perspiration. There is a tendency for the 
condition to progress slowly; it is not altered 
by removal of foci, immobilization, massage, 
or exercise, and is symptomatically relieved 
only by the application of various types of 
heat. In certain selected cases of this group, 
operations on the sympathetic ganglia are fol- 
lowed by relief of symptoms and by the im- 
provement in circulation which follows the 
vasodilatation (20). The skin becomes warm 
and dry, and pain is generally relieved, the 
tenderness tends to disappear, and the swell- 
ing subsides. In selecting suitable cases for 
the operation, the rise in surface temperature 
of the extremity following intravenous ad- 
ministration of typhoid vaccine is used as an 
index, and if there is no appreciable rise in sur- 
face temperature or relief of symptoms fol- 
lowing protein injections, the operation is not 
indicated. 

The following case is reported because it 
presents the salient features of a slowly pro- 
gressive arthritis not yielding to the usual 
therapeutic measures. The associated vaso- 
motor changes, as evidenced by the cold 
clammy extremities which were temporarily 
relieved by the intravenous administration of 
typhoid vaccine, formed the basis for sym- 
pathectomy. The history of psoriasis and the 
presence of mild lesions at the time of exami- 
nation raised the question of a differential 
diagnosis of chronic infectious arthritis and 
arthropathia psoriatica (13). The clinical fea- 
tures, however, were those of the former and 
the excellent response to operation rendered 
this case most suitable for histological study. 


Illustrative case. A man, aged 40 years, came to 
the clinic complaining of pain, stiffness, and deform- 
ity in the fingers and toes. Four years before admis- 
sion, he began to have swelling, redness, and pain in 
the right index finger. The remaining digits of the 
right hand became similarly involved and gradually 
the left hand became affected with the same process. 
The condition progressed, and after 2 years had 
elapsed, the toes on both feet began to swell and to 
become painful and stiff. The arches ached with 
activity, but were relieved by rest. This condition 
progressed to the point where the patient was unable 
to walk or use his hands without pain and dis- 
comfort. 
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Examination disclosed areas of psoriasis on the 
upper midsacral regions and outer surface of the 
right leg which had been present intermittently for 
the previous 6 years. There was moderate swelling 
of the left wrist with tenderness and 20 per cent 
limitation of dorsal flexion. Both hands were cold 
and slightly clammy with swelling, and motion of 
phalangeal joints was limited. There were trophic 
changes in the fingernails. Both feet were cold and 
clammy. There was marked swelling and tenderness 
at the base of the toes on both feet, and tenderness 
on pressure over both arches. Both hands and feet 
were cyanotic. Roentgenograms revealed healed 
tuberculous lesions in the upper part of the right 
lung. One dead tooth was found, and removed. 
Mild prostatitis was treated. Because of the evident 
associated vasomotor spasm of the peripheral ar- 
teries, typhoid vaccine was given intravenously 
which was followed by marked relief of pain, and 
the skin over the extremities became warm and 
pink. When the surface temperature was compared 
with that taken before the injection had been given, 
a marked rise had taken place, thus establishing a 
satisfactory vasomotor index. 

Bilateral lumbar sympathetic ganglionectomy 
(Fig. 1) was performed. The second, third, and 
fourth lumbar sympathetic ganglia were resected on 
both sides. There was a marked inflammatory reac- 
tion about the sympathetic chain and the overlying 
lymph nodes were enlarged and inflamed. The 
lymph nodes were removed and microscopic section 
revealed fatty fibrosis with inflammatory nodules. 
Following an uneventful convalescence, the patient 
was relieved of almost all the pain in both feet; they 
became warm and cyanosis disappeared. 

The question of cervicothoracic sympathectomy 
was considered, but the patient wished to wait for 
time to evaluate the improvement in the lower ex- 
tremities. Six months later examination revealed in- 
creased severity of the condition of the hands. The 
patient was walking without pain, his feet were 
warm and dry, and he requested that a second opera- 
tion be considered. Bilateral cervicothoracic sym- 
pathetic ganglionectomy (Fig. 1) was done, remov- 
ing the stellate and second thoracic ganglia after 
resecting the transverse process and part of the 
first rib. Marked alleviation of pain in both hands 
followed. After an uninterrupted convalescence the 
patient returned home, continuing to improve until 
he could use his hands without pain and with very 
little residual stiffness (15). 


The changes observed histologically in 
these ganglia were similar to those described 
in the ganglia removed from patients suffering 
from Raynaud’s disease and thrombo-angiitis 
obliterans. Most of the blood vessels were 
normal, but in a few there was mild prolifera- 
tion of the lining endothelium of the intima, 
and in others there was slight thickening of 
the walls of the larger arteries in the ganglia. 


The ratio of lumen to wall in this group was 
1.8 to 1, instead of the normal 2 to 1. There 
was no evidence of acute or chronic inflam 
mation, polymorphonuclear leucocytes were 
not present, fibroblasts were absent, and there 
was no increase in adult connective tissuc. 
Although there was no inflammation, ther: 
were small collections of lymphocyte-lik« 
cells, but these were collected in groups an! 
not scattered diffusely throughout the ganglia. 
In the ganglia removed from patients suffer 
ing from arthritis slightly less than 50 per 
cent contained similar small collections of 
these lymphocyte-like cells. There was a 
slight amount of oedema in the ganglia, but 
it was localized, and varied greatly in the 
other ganglia removed for this condition. 
Special stains were utilized in studying the 
ganglion cells, and approximately two-tifths 
of the cells were normal; one-fifth of them 
manifested a mild degree of chromatolysis 
and a few cells were pyknotic. In approxi- 
mately two-fifths of the cells there was vacu- 
olization at the periphery, and this corre- 
sponded to what seemed to be swollen enc<o- 
capsular cells. This vacuolization was mild 
in most of the cells in which it was present, 
but in a few cells it was quite prominent. ‘lhe 
swollen endocapsular cells corresponded in 
situation to the vacuoles in the periphery of 
the ganglion cells. In an eighth of the gan- 
glion cells pigment was not present in the cyto- 
plasm, whereas in three-fourths there was a 
slight amount of pigment (graded 1), and in 
the remaining eighth, it was more pronounced 
(graded 2). The average age of the patients 
suffering from arthritis was 30.7 years. The 
average age of those whose ganglia contained 
pigment less than grade 1 was 19 years; of 
those with pigment graded 1, 31.9 years; of 
those with pigment graded 2, 35 years; ani of 
the one patient whose ganglion cells con- 
tained pigment graded 3, the age was 53 years. 
These observations again support the opinion 
that pigment in sympathetic ganglion cells in- 
creases with age, and is not necessarily a miani- 
festation of the disease process. 


SCLERODERMA 


Scleroderma is sometimes alleviate’ by 
sympathetic ganglionectomy. The condition 
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oi the skin is characterized principally by 
brownish discoloration associated with thick- 
ening or atrophy, usually involving the fingers 
and toes. The distribution may be circum- 
scribed, spotty, or diffuse, and limited to the 
feet and legs, or it may involve the hands, 
arms, face, and neck, and the skin over the 
upper part of the thorax. The muscles and 
bones may be included in the atrophic and 
degenerative process. The disease is usually 
slowly progressive, and it occurs at any age 
or among persons of either sex, but more fre- 
quently among young women. All cases of 
scleroderma do not result from disturbances 
in the sympathetic nervous system, but the 
lesions of the feet, legs, hands, arms, and face 
frequently are preceded by a phase of in- 
creased vasoconstriction characterized by 
cold, sweaty, bluish hands and feet, similar to 
those of Raynaud’s disease(2). This type of 
scleroderma has been observed also in cases 
of thrombo-angiitis obliterans, and chronic 
infectious arthritis. The early cases of 
scleroderma, associated with vasomotor 
changes, sometimes respond satisfactorily to 
operation on the sympathetic nervous sys- 
tem, but in advanced cases there is no marked 
improvement, because of the pathological 
changes that have taken place in vessels, skin, 
and subcutaneous tissues (8, 17). The results 
in the early cases are those of immediate im- 
provement in circulation, and loosening and 
thinning of the skin over the extremities, 
face, and neck. The skin and muscles of the 
face lose their drawn expression, the mouth 
can be opened more widely, and the tongue 
can be protruded. The operation will not 
help in advanced cases, in which thickening of 
the skin and hardness of the muscles have be- 
come extreme, and therefore, if operation on 
the sympathetic system is to be employed in 
the treatment of scleroderma of vascular 
origin, it should be employed as soon as the 
disease is recognized in order to prevent its 
progress. If the condition is permitted to 
continue, it usually results in pain, deformity, 
and total invalidism. 

In 16 cases of scleroderma of the vasomotor 
type, operation has been done and sympa- 
thetic ganglia have been removed. The fol- 
lowing case was selected from the group be- 
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cause of the history and definite improvement 
following operation. We have assumed that 
histological changes, if present, should be dis- 
cernible in the removed ganglia of successful 
cases. 


Illustrative case. A woman, aged 48 years, came 
to the clinic complaining of stiffness of the hands 
associated with thickening of the skin over the 
thorax and face. Her history revealed attacks of in- 
creasing severity in which, on exposure to cold, all 
of the fingers and toes first became white and cold, 
then blue, and finally red and warm. After many 
y¢ars, these symptoms became more pronounced, 
and the skin of the hands, arms, thorax, and face 
began to lose its flexibility, resulting in retarded mo- 
tion. Exposure to cold intensified all symptoms. 

General examination was essentially negative 
except for the changes incident to the scleroderma. 
There was evident thickening of the skin of the face, 
the wrinkles being ironed out, and definite limitation 
of motion on opening the mouth, and protruding the 
tongue. The skin over the thorax had a definite 
sheen and could not be rolled under the fingers. The 
hands appeared waxy, the fingers were stiff and per- 
mitted about 25 per cent flexion. The joints of the 
fingers were enlarged and tender to pressure and the 
hands were cold and moist. 

Because of the evident association of vasomotor 
spasm and the failure of other types of treatment to 
control the progress of the disease, sympathetic 
ganglionectomy was carried out and the stellate and 
second thoracic ganglia were removed from each 
side (Fig. 1). As early as the seventh day following 
operation, a decided change in the facial expression 
was noted; the normal pink hue had replaced the 
waxy appearance, and the skin was decidedly softer. 
There was also a slight increase in skin temperature. 
The stiffness of the hands began to improve until 
by the fifteenth day after operation the skin of the 
fingers up to the first joints was normal in appear- 
ance. All the fingers were warm, but the mobility 
was not increased. The mouth could be opened 
wider and the tongue protruded farther. 

One year and 10 months after operation, the pa- 
tient returned and her general condition was found 
to be excellent. There was definite improvement in 
the scleroderma of the hands, thorax, and face. The 
hands were warm and, although a little stiff, had 
shown great improvement. 


Slight changes were noted in the ganglia 
similar to those in the ganglia removed for the 
lesions mentioned already. Most of the arte- 
rioles and small arteries in the ganglia were 
normal, and in a few there was slight prolifera- 
tion of the lining endothelial cells of the in- 
tima. There was no thickening of the walls of 
the vessels, and the normal ratio of wall to 
lumen was constant throughout. There was 
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no inflammation, acute or chronic, and there 
was no increase of the connective tissue, al- 
though there was a slight amount of oedema, 
but this was not universal throughout the 
ganglia. It was present in less than 50 per 
cent of the cases. Although there was no in- 
flammation there were small collections of 
lymphocyte-like cells in the ganglia in this 
case, but in the ganglia from the entire group 
it was present in only 30 per cent. In the 
ganglion cells themselves, there was slight 
chromatolysis in a few, approximately 25 per 
cent, and in the entire group of ganglia re- 
moved from patients suffering from sclero- 
derma, chromatolysis was present to this 
degree in only 30 per cent. As in ganglia 
studied from all conditions, there was vacuoli- 
zation of the periphery of the cytoplasm of the 
cells and this corresponded to the swollen 
endocapsular cells. This proliferation corre- 
sponded in degree and site to the vacuoliza- 
tion of the cytoplasm of the ganglion cells. 
Pigmentation was visible in most of the cells, 
but was usually slight. It was present in the 
same mild degree in 75 per cent of the ganglia 
removed for this condition. The average age 
of the patients in the entire group was 35 
years. In the cases in which there was no pig- 
ment the average age was 27.5 years; in the 
group in which pigment was graded 1 the 
average age was 37 years. Pigment was not 
graded more than 1 in any case. The finding 
of pigment in the ganglion cells supports the 
observations made in ganglia removed for the 
other conditions, that there is a deposition of 
pigment with advancing age. 


HISTOLOGICAL STUDIES OF NORMAL GANGLIA 


The ganglia which we used as control ma- 
terial for this study were obtained at nec- 
ropsy in 40 consecutive cases in which death 
had resulted from various causes. None of the 
patients had suffered from any of the four 
conditions which we have considered. We 
sought the same changes that we had looked 
for in the various conditions mentioned. Less 
than half the vessels were normal, but the 
changes which were present were slight, and 
most of them can be accounted for on the 
basis of age. The walls of the vessels were 
slightly thickened in more than 50 per cent 


of the subjects, and in a few (one-eighth) 
there was proliferation of the endothelium 
lining the intima, and as in the vascular con. 
ditions, this was slight, much slighter than js 
constantly seen in cases of severe, or even 
mild, hypertension. There was no sign o/ 
acute or chronic inflammation or increase in 
the connective tissue in the ganglia, occa- 
sionally the connective tissue was much 
looser in texture and slight oedema was pres- 
ent; this was probably the result of local in- 
flammation which was present in several casvs. 
Lymphocyte-like cells were present in small 
groups, but less frequently than in any of the 
other conditions, and this was the only ob- 
servation which varied from those constantly 
noted in the ganglia removed in the other 
cases considered. The ganglion cells them- 
selves showed changes similar in type and 
degree to those we observed in the other cases. 
Chromatolysis was present in a few ganglia, 
and cystic degeneration of several ganglion 
cells was also seen; swelling of the endocap- 
sular cells which corresponded to the vacuoli- 
zation of the periphery of the cytoplasm of the 
ganglion cells was common. The most inter- 
esting observation was that of pigment in the 
ganglion cells. The various ganglia were 
studied, the changes noted, and the degrees of 
change recorded without any knowledge oi 
the age of the patient or the condition from 
which he suffered. The age in the control 
series was higher than in any other scries. 
The average age in the control series was 46.6 
years. More material must be found bciore 
definite conclusions can be reached regar ling 
the age at which pigment first appears. ‘he 
average age of patients whose pigment was 
graded 1 was 43.7 years; the average ave of 
patients whose pigment was graded 2 was 
56.9 years, and the average age of paticnts 
whose pigment was graded 3 was 64.7 years. 
There was, as in any control series, a marked 
variation in the individual cases, but never- 
theless a marked tendency for the pigment to 
increase with age. This has been our obsvrva- 
tion for many years, and coincides with that 
of others. 
GENERAL COMMENT 

In comparing the histological observations 

of the sympathetic ganglia, removed {or the 
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Fig. 1. Cervicothoracic and lumbar sympathetic ganglia 
removed surgically from cases contained in this series. The 
lack of uniformity in the anatomical distribution of the 
ganglia along the sympathetic trunk is well illustrated as 
well as the tendency for one or more ganglia to be fused. 


conditions described, with each other and 
with those of normal ganglia, nothing was 
found to explain the various vascular dis- 
turbances. All the changes were within nor- 
mal limits and most of them can be explained 
on a basis of advancing age. There was no 
histological difference between the ganglia 
removed for the various diseases, although 
these varied much in their clinical manifes- 
tations. The blood vessels in the ganglia 
removed from patients with vascular diseases 
did not partake of the changes in the blood 
vessels of the diseased extremities and were 
similar in most respects to the control vessels. 
Small collections of lymphocyte-like cells 
Were present in all the ganglia as well as in 
the control ganglia. These cells closely sim- 
ulated lymphocytes and differential stains 
were of little positive value, yet it is possible 
that they represented proliferated endocap- 
sular cells replacing degenerated or disin- 
tegrated ganglion cells. In opposition to this 
possibility is the fact that they were not 
always enclosed in the capsule which nor- 
mally surrounds ganglion cells, although endo- 
capsular cells surround the dendritic processes 
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Fig. 2. Marked variation of the degree of endocapsular 
cell proliferation may be noted. Swelling of some of these 
cells is present with erosion of their periphery, with the 
formation of peripheral vacuolization. In one place, the 
proliferated endocapsular cell has replaced the ganglion 
cell, and in another only a small remnant of the ganglion 
cell is seen, and this is pyknotic (toluidin blue X 350). 


of the ganglion cells. These cells were always 
in groups and not scattered diffusely through- 
out the ganglia. They were not associated 
with blood vessels, which is frequently the 
case in inflammation of the central nervous 
system. Sympathetic ganglion cells are sur- 
rounded by a delicate capsule, which is cov- 
ered on the outside by a layer of flattened 
elongated cells of connective tissue origin and 
are referred to as ectocapsular cells, whereas 
the inner side of the capsule is lined with a 
layer of cells which we have referred to as en- 
docapsular cells and to which von Lenhossek 
gave the name “‘amphicytes”’ and Cajal called 
“satellite cells.” The origin of these endo- 
capsular cells is not yet definitely established, 
but we think that they are analogous to oli- 
godendroglia, just as De Castro considers the 
analogous cells of the ganglia of the spinal 
nerves a type of neuroglia similar to Hortega’s 
oligodendroglia, rather than of mesodermal 
origin. In this way they simulate the satellite 
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Fig. 3. Endocapsular cell proliferation in one cell, with 
vacuolization of the periphery of the cell. In another cell, 
ectocapsular cell proliferation is demonstrated. These cells 
are flattened (haematoxylin and eosin X 335). 


cells of the central nervous system. Their 
reaction, both in the normal ganglia and in 
those surgically removed, is similar to the 
acute swelling of the oligodendroglia described 
by Penfield and Cone, and which have been 
shown to be analogous to the mucocytes of 
Grynfeltt. The swollen endocapsular cells of 
the sympathetic ganglia were surrounded by 
clear spaces similar to oligodendroglial cells. 
It is with the greatest difficulty that cell 
bodies belonging to these cells could be demon- 
strated, even with Hortega’s silver carbonate 
method. Cajal’s gold chloride and sublimate 
method also failed to reveal cell bodies. None 
of the swollen endocapsular cells contained 
débris which had an affinity for silver indica- 
tive of phagocytic activities, so that the in- 
dentations in the ganglion cells were not the 
result of phagocytosis. However, mucus 
stains showed that some, at least, of the 
spaces around the endocapsular cells con- 
tained a slight amount of thin mucus. This 
was not constantly present, but was seen 
with sufficient frequency to produce a simi- 
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larity to the mucocytes, which Bailey aid 
Schaltenbrand have shown to be acutc'y 
swollen oligodendroglial cells. In only a fi w 
ganglia these endocapsular cells appeared ‘0 
be proliferated (Fig. 2). Even more rar \y 
were the ectocapsular cells proliferated, _|- 
though in the few instances in which it h id 
occurred it was quite definite (Fig. 3). M: st 
of the large cysts which caused compress )n 
and frequently complete destruction of —1e 
ganglion cells contained abundant and ea. ly 
demonstrable mucus. Some of the sym a- 
thetic ganglion cells had a ragged appeara ce 
(Figs. 4 and 5); this we have referred tc as 
vacuolization considered to be the resuli of 
the acute swelling of the endocapsular « ‘Ils 
which occasionally contain mucus. This 
ess may become quite pronounced, and he 
vacuolization may produce marked reduc: ion 
in the size of the cell body, simulating the | or- 
roded cells of the spinal ganglia, which | ive 
been described by De Castro (Figs. 4 anc 5). 
In none of the ganglia which we have stu: ‘ied 
had it progressed to the degree describe: by 
De Castro, or led to complete disintegration 
of the ganglion cell. Around most ganglion 
cells in fixed preparations there is a delinite 
clear space separating it from the cell capsule. 
This space varies much in different cells. and 
it appears to us to be an artefact duc to 
shrinkage of the cell during the process of 
fixation. The presence of pigment granules 
in the cells of the sympathetic ganglion is 
recognized by all investigators, and it increases 
with age so that in elderly persons most cells 
contain numerous pigment granules. Our 
study of the sympathetic ganglion cell- con- 
firmed the observations of others tha the 
pigment increases with age and that it is 
made up of two types, the lipochrome, fat- 
containing pigment which stains with dan 
III, and the fat-free type which has an a inity 
for silver, and is probably a true melan pig: 
ment. Increase in the deposition of pi nent 
in the body during the later decades 0) ‘fe 's 
not limited to ganglion cells of the + mpa- 
thetic nervous system, but it increases 1 the 
ganglion cells of the central nervous + >tem. 
and in many other organs. In our st ly 0! 
the ganglion cells of the sympathetic 1 vous 
system, a definite increase with advanc ¢ age 
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Fig. 4. A group of four ganglion cells, one of which is 
normal; one shows the effect of the capsular cell prolifera- 
tion with the vacuolization of the cell body (silver impreg- 
nation X 700). 


was constantly noted, and we feel that this 
has no connection with the disease process for 
which the ganglia were removed. Occasion- 
ally many bright eosin staining granules are 
intermingled with the pigment granules. The 
significance of these eosinophilic granules is not 
clear. With silver impregnation methods the 
outline of most ganglion cells appeared nor- 
mal with their numerous processes extending 
in all directions into the surrounding tissue, 
and neurofibrils appeared normal (Figs. 4 and 
5). Occasionally ganglion cells were com- 
pressed by cysts which we have noted in con- 
sideration of the various cases, and even the 
remnants of the compressed cells had a strong 
affinity for silver nitrate (Figs. 4 and 5). The 
same silver impregnation methods demon- 
strated the fact that axis cylinders were pres- 
ent in normal numbers, and they seemed to 
be normal in outline and regular in their 
course and distribution. 

These various observations lend support to 
the conclusion, which has frequently been 
advanced, that the noxious agent causing the 
vascular diseases, for which operative relief 
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Fig. 5. 
croaching on its cell body. The nucleus of the swollen 
endocapsular cell, which caused the vacuole, is visible (sil- 
ver impregnation X 840). 


This ganglion cell shows one large vacuole en- 


has been instituted, does not act on the sym- 
pathetic ganglia removed. Since the removal 
of the sympathetic ganglia leads to improve- 
ment of the blood supply to the affected limbs 
it would seem that the ganglia act simply as 
relay stations for impulses from higher cen- 
ters, where the disease originates. 
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STUDIES ON BRONCHIAL OCCLUSION BY THE METHOD OF 


ADAMS AND 
ALFRED BLALOCK, M.D., ann W. M. 


method of occluding large bronchi has 

been a great handicap to the develop- 
meit of surgery of the lungs. The recent 
important experimental work of Adams and 
Livingstone, in which bronchi were occluded 
by the local application of a 35 per cent solu- 
tion of silver nitrate, has possibly supplied a 
method which may be of vast benefit in the 
treatment of patients with pulmonary disease. 

In attempting to repeat the work of Adams 
and Livingstone (2), inorder to satisfy our own 
curiosity, several difficulties were encountered 
that are being reported in this paper. In addi- 
tion, studies were performed under several 
experimental conditions that have not been 
investigated by them. 

Dogs and cats were employed as the experi- 
mental animals. A 35 per cent solution of 
silver nitrate was used in all experiments. 
A small piece of cotton that had been placed 
on a bronchoscopic forcep was saturated with 
the silver nitrate and the application to the 
bronchus was made through a bronchoscope. 
Morphine was used as the anesthetic for the 
dogs and nembutal for the cats. Ether anies- 
thesia unaccompanied by the injection of 
atropine was tried in some of the experiments 
but there was such a profuse secretion into the 
bronchus that the silver nitrate did not exert 
its effect. 

Cats were used as well as dogs because the 
mediastinum of the cat is more rigid than that 
of the dog. Attempts were made to use rab- 
bits which have a still more rigid mediastinum 
but due to the small size of the trachea, these 
attempts were abandoned. In the first group 
of experiments on both dogs and cats, the 
death rate was high. Seven of the first 10 
(logs died and 8 of the first 10 cats lived only a 
short while. Death frequently occurred within 
48 hours following the application of the silver 
nitrate and it was usually associated with 
hemorrhage. The animals which died several 
(ays following the application showed at 
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autopsy a pneumonic consolidation of the lobe 
the bronchus of which had been cauterized. 
A similar appearance was noted in one dog 
that lived 15 days. In one dog that was killed 
55 days following the application of the silver 
nitrate, there were several rather hard areas 
in the lobe in question, the neighboring bron- 
chi were dilated and contained mucoid ma- 
terial. The rest of the lobe was air containing. 
In a cat that died 26 days after the applica- 
tion, part of the lobe the bronchus of which 
had been cauterized was completely atelectatic 
while the remainder showed a pneumonic 
consolidation. In several of the animals one 
or more of the lobes were completely atelectatic 
as has been described by Adams and Living- 
stone. A photograph of the lungs of a cat 
which shows complete atelectasis of the left 
side is given in Figure 1. This animal was 
killed 27 days following the application of the 
silver nitrate. 

The mortality rate has been very much 
lower in our subsequent experiments and we 
believe that the high rate in the earlier studies 
was due partially to the fact that we did not 
rid the cotton pledgets of the excess of silver 
nitrate. It seems likely that the pressure of 
the pledget against the bronchus squeezed 
some of the solution out of the cotton and 
allowed it to escape into the smaller bronchi. 

Embolic lung abscesses were produced in 10 
dogs by the method described by Holman, 
Weidlein, and Schlueter. wo weeks later a 35 
per cent solution of silver nitrate was applied 
to the bronchus of the afiected lobe. Three of 
the dogs died several days following the appli- 
cation. The 7 remaining dogs were subjected 
to autopsy 6 weeks later. A residual abscess 
was found in 4 of the 7 dogs. The bronchus 
of the diseased lung was not occluded in any 
of the 7 dogs. In 2 animals in which the 
abscess was in the right lower lobe, the bron- 
chus of the right accessory lobe was found to 
be occluded and the lobe was completely 
atelectatic while the bronchus of the diseased 
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Fig. 1. Heart and lungs of a cat showing complete 


atelectasis of left lung following the application of silver 
nitrate to the bronchus. 


lobe was not occluded and the lobe was not 
atelectatic. A small residual abscess was 
present in the lower lobe in these 2 instances. 
The accompanying photograph (Fig. 2) shows 
the atelectatic accessory lobe and the non- 
collapsed right lower lobe of one of the dogs. 
A small abscess can be seen in the right lower 
lobe. 

Adams (1) has recently found that the ap- 
plication of silver nitrate to the bronchus of a 
lobe containing an experimentally produced 
pyogenic abscess usually causes delay in the 
healing of the abscess. Our findings in this 
respect are confirmatory of his. 

Intrapulmonary disease in the human is 
frequently associated with thickening and 
stabilization of the mediastinum, or adhesions 
between the visceral and parietal layers of 
pleura, or both. The condition of affairs in 
the chest of the normal dog is quite different 
and particularly so since the dog has an ex- 
tremely thin and easily movable mediastinum. 
In order to try to render the chest of the dis- 
eased human and that of the dog more nearly 
comparable, two types of procedures were per- 
formed. In 5 dogs, a portion of one of the 
lower ribs was removed and the right lower 
lobe was sutured in a number of places to the 
chest wall and the visceral pleura of the lobe 
was painted with mercurochrome. Two of the 
dogs died of empyema. After the incisions had 
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Fig. 2. Showing complete atelectasis of right acce: ory 
lobe. The right lower lobe is air containing and a ~ wall 
residual abscess is to be seen. 


healed in the remaining dogs, silver nit: te 
was applied to the region of the right lo ver 
lobe bronchus. Six weeks later the aniiials 
were killed. There were fairly firm adhesions 
between the right lower lobe and the cist 
wall. The bronchus to the right lower lobe 
was not occluded. In one of the animals. the 
bronchus to the right accessory lobe was oc- 
cluded and the lobe was atelectatic. In ex- 
periments on 4 dogs, an intercostal incision 
was made on the right side and the medias inal 
pleura was painted with 3.5 per cent iodine. 
Two of the animals died of empyema. _\iter 
the incisions had healed, silver nitrate was 
applied to the right lower lobe bronchus. [he 
two animals were sacrificed and autopsivl 6 
weeks later. The mediastinum of each was \ick- 
ened but was not absolutely fixed. There \ ‘sno 
bronchial occlusion in either of the ani vals. 
We do not believe that these experimen: are 
highly significant because the number © ani- 
mals is small and because repeated ap ‘ica- 


tions of the silver nitrate would probably ave 
resulted in occlusion. 

Attempts were made to produce bro _ hil 
occlusion in puppies approximately 6 — eeks 
old for the purpose of studying the alter _ ions 
in the lungs after the dogs reached th: full 
development. The mortality rate in th: © ex: 
periments has been very high. Most _ the 
animals had severe paroxysms of cou ng, 
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S. eral of the puppies lived less than a week 
fo owing the application of the silver nitrate. 
D. ath of 3 of the animals occurred 4 weeks, 5 
w: ‘ks, and 6 weeks following the application 
of he silver nitrate. Clear fluid was present in 
bo h pleural cavities of 2 of these. There was 
co iplete atelectasis of the left lower lobe of 
on of the puppies while the 2 remaining 
showed a pneumonic consolidation without 
bronchial occlusion. 

‘(he output of the heart and the maximum 
an’ minimum blood pressure were determined 
in experiments on 3 dogs before and after the 
production of atelectasis of the left lower and 
the right accessory lobes. No significant alter- 
ations in either the cardiac output or the blood 
pressure were found. The occlusion of a 
greater number of bronchi would probably be 
associated with changes in the cardiac output 
and blood pressure. 


SUMMARY 


The method of Adams and Livingstone of 
producing bronchial occlusion by the local 
application of 35 per cent silver nitrate has 
been employed in experiments on dogs, pup- 
pies, and cats. The extremely high death rate 
in the early experiments was probably due 
partially to the use of an excess of the silver 
nitrate solution. The dangers were lessened 
but not entirely eliminated by observing this 
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precaution. When the attempts at bronchial 
occlusion were successful, the alterations in the 
bronchus and in the atelectatic lobe of the cats 
and puppies were similar to those that have 
been described by Adams and Livingstone for 
the dog. 

Attempts at occlusion of the bronchus of a 
lobe that contained an embolic pyogenic ab- 
scess were unsuccessful. The abscess did not 
alter the ability of the silver nitrate to close 
the bronchus of an adjacent lobe. In the sev- 
eral experiments in which adhesions between 
the visceral and parietal layers of pleura had 
been produced and in those in which a thick- 
ening of the mediastinum had been caused by 
irritants, the single application of silver nitrate 
did not result in an occlusion of the bronchus. 
The occlusion of the left lower and the right 
accessory lobes of dogs did not cause significant 
alterations in the cardiac output and blood 
pressure. 
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SURGICAL 


NHE initial small malignant lesions about the 
lips are simply and effectively managed 
either surgically or by some other destruc- 

tive agent. The larger, more advanced lesions, 
which do not require destruction of more than 
one-third of the lip may be removed and the lip 
repaired without the introduction of foreign 
tissue. 

Lesions requiring destruction of more than one- 
third and, possibly, the total lip, have been less 
boldly and, frequently, badly managed because 
the attendant had no satisfactory technique for a 
repair of the surgical defect. 

Few, if any, of the operations described in texts 
for large partial or total lip reconstruction should 
ever be employed. Practically all of these opera- 
tions contemplate the use of full thickness cheek 
flaps which are cut without regard for the muscles 
of expression about the mouth, or for blood and 
nerve supply. The included muscle atrophies in 
most instances and supplies only a scar filling 
which is without function.! 

Methods of reconstruction should be limited to 
those that conserve all function remaining after 
the lip destruction; frequently it is possible to 
restore the major function in the repaired part. 
It is never necessary to cut into the musculature 
about the defect. An entire upper or lower lip 
may be lined and covered from the vicinity of the 
defect with a minimum of visible scar. The cos- 
metic result under such circumstances will, ob- 
viously, approach as near the normal as is possible 
in any surface repair. 

Confidence, born of the certainty of such 
restoration, will permit both the patient and the 
physician to attack the problem boldly, and with 
greater hope of a successful solution. 


SMALL LESIONS 


The amount of tissue removed is determined 
by the size and character of the lesion. The lines 
of excision should be slightly curved so that 
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MALIGNANCIES 


approximation will result in a small elevatior. of 
the lip border at the line of suture. This elevat sn 
prevents the formation of a notch in the ip 
border as the result of linear scar contraction. 


LARGE LESION WITH AND WITHOUT METASTA* 5 


The management of these lesions is compl: ed 
in 3 stages: first, destruction of the lip lesion \ th 
or without block dissection of the neck; sec: id, 
reconstruction of the lip; third, cosmetic | or- 
rections. 

The first stage, requiring block dissectio:.. is 
performed under general anesthesia, utili ing 
either avertin or ether vapor. Those ses 
requiring only dissection of the submental ind 
digastric triangles are operated upon under |ocal 
anesthesia, supplemented with sodium amytal 
or nembutal. 

The lines of skin incision should be place: at 
least 1 centimeter on either side of the palpable 
borders of the lesion. These incisions are carried 
from the free margin of the lip to the buccal 
sulcus or as far beyond as the lesion requires. In 
those cases in which the lesion involves onl) the 
lip, the excision is completed by carrying a hor- 
izontal incision along the sulcus about 3 10 5 
millimeters from the fornix. 

The management of the borders of this ex: sion 
must anticipate the reconstruction of the li}, To 
accomplish this, flaps for a lining to replac the 
excised mucosa, for the outer skin coverin; and 
for the vermilion free margin, must be so pl. ined 
that ample material enjoying an adequate ood 
supply is available. 

The blood supply of the lining flap, whi will 
be reflected from the skin adjacent to the angle 
of the mouth, must come from the buccal n_ cosa 
and the muscle bordering the incision. —‘on- 
sequently, the mucosa on this edge must be | der- 
mined and accurately approximated to th skin 
with fine, closely placed horsehair sutures. [his 
produces a minimum of scar and a ma* num 
blood supply. This blood supply is + «ally 
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Fig. 1A. 


Vig. 1A. Vertical mattress sutures of horsehair or ophthal- 
mic silkworm gut are passed through the mucosa and 
muscle beneath the skin and are tied on the mucous surface 
of the lip. These sutures provide both approximation and 
relaxation. 


Fig. 3. 
Fig. 3. Stage 1. 
Fig. 4. Stage 2. 
Fig. 5. The posterior margin of the mucosal flap is 


adequate but it can be guaranteed by outlining, 
partially undercutting, and reapproximating this 
skin flap at this stage (A, Fig. 3). 

The mucosa bordering the edge of the lip rem- 
nant is similarly undercut and sutured. This 
mucosa will be utilized to form the free vermilion 
border of the reconstructed portion of the lip 
(C, Fig. 4). 

The skin bordering the excision—chin or face 
and nose in the case of a lower or upper lip—is 
undercut and accurately approximated to the 
mucosal remnant along the buccal sulcus. 

_These suture lines are painted with compound 
lncture of benzoin until they are thoroughly 
sealed. A strip of gauze is fastened with collodion 
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Fig. 1B. 


Fig. 4. 


Fig. 2. 

Fig. 1B. Detail of stitch. 

Fig. 2. The skin is closed with horsehair which is 
replaced on the second day with gauze collodion strips to 
prevent stitch scarring. These supports should remain in 
place for ten days. 


Fig. 5. 


sutured with horsehair to the free margin of the reflected 
lining flap and also to the mucosa in the angle of the 
mouth. 


to the cheeks on either side to limit movement. 
No other dressing is applied. 

The flaps for the lining, 4, and the covering, 
B, are outlined. They may be raised and sutured 
in their original locations at this time if the blood 
supply is questionable. The blood supply, 
however, is usually excellent. 

The mucous membrane on the incised edge of 
the lip remnant is removed between two parallel 
incisions placed 1 centimeter apart. One incision 
is carried down its union with the skin and the 
other through the mucosa on the posterior surface 
of the lip. Its blood supply is formed by the 
mucosa on the free margin of the lip and a broad 
portion of mucosa posteriorly. This flap, C, held 
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Fig. 6 A, Perforating carcinoma creating a pathological harelip. B, Appearance of 
the lip 2 weeks after excision. The removal of the lesion included the tissue bordering 
the nasal ala. The defect has been closed by loosening the cheek tissues from the 
underlying bone and suturing to the base of the nose. C, Appearance of the lip 6 


years after operation. 


Fig. 7. Carcinoma of the mid-portion of the lower lip. 
A, Appearance 2 weeks after excision of the lip and 
dissection of both digastric and submental triangles. 


on the sharp hook, will form the vermilion border 
of the reconstructed lip. 

The skin flap, (A, Fig. 3) carrying underlying 
fat, is turned from the face on a “hinge” and 
sutured to the incised margin of the mucosa on 
the posterior surface of the lip remnant. 

The covering flap (B, Fig. 3) is incised and 
elevated with the underlying fat. 

The skin of the face on either side of the defect 
resulting from elevation of the covering flap 
(B, Fig. 3) is freely undercut and approximated 
with horsehair sutures. The approximation of 
these skin edges adds two-thirds of the width of 
the flap to its length. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


D. 
D, The reconstructed lip. B and C, Demonstration 


muscular action which is now possible in the reconst: 


mouth. 


The covering flap (B, Fig. 3) is rotat 
degrees to cover the lip and the defect | 
reflection of the lining flap (A, Fig. 3). 
opposing skin edges are sutured with hors: 

The anterior edge of the mucosal flap (C, ! 
is sutured to the free edge of the coverin 
with horsehair. 

The teat, (D, Fig. 5) created by the rota 
the covering flap (B, Fig. 3) is adjusted | 
removal of excess skin and suture. This 
not be done sooner than the twelfth day |) 
of possible damage to the adequate blood 
of the transplanted flap prior to this time 
other cosmetic defects are corrected at this | 
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The suture lines about the mouth are painted 
, ‘h compound tincture of benzoin and those on 
| » face and neck covered with a gauze dressing 
y t with alcohol. 

\ll skin stitches are replaced on the second or 
t' ed day with gauze collodion supports which are 
n intained a minimum of to days. 

lhe lining of the lip which is formed by reflec- 
ti 1 of the skin from the face is annoying to male 
po ients because of the growth of hair. This can 
be replaced after 60 days with normal mucous 
m:mbrane from the cheeks. The repair is effected 
by multiple excision. Approximately one-half the 
skin can be removed at the first stage and buccal 
mucosa advanced to fill the defect. Sufficient 
relaxation of the mucous membrane will again 


occur at the end of 4 to 6 weeks to permit the 
excision of the remaining skin. 

It is sometimes advisable to utilize flaps from 
both sides of the mouth in the construction of an 
entire lip. When this method is followed, a long 
covering flap and shorter lining flap should be cut 
on one side and the reverse procedure practised 
on the opposite side. This will place the junction 
line of the covering flaps at a different point than 
the union of the lining flaps and prevent a de- 
pressed, adherent scar line. 

This plan of management permits the boldest 
attack on the local lesion and, at the samé time, 
provides a method of repair which is highly 
satisfactory from both functional and cosmetic 
standpoints. 
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A TECHNIQUE OF TUBO-UTERINE ANASTOMOSIS (IMPLANTATIOS 
IN INTERSTITIAL AND ISTHMIC OCCLUSION 


AHMAD SHAFEEK, M.B., B.S. (Lonp.), F.R.C.S. (ENG.), Carro, EGypt 


Gynecological and Obstetric Surgeon to Kasr El-Ainy Hospital 


UBAL implantation, if it should at all serve 

the object for which it is done, must be 

planned so as to give the utmost uterine 
security both during pregnancy and labor. It 
should not disturb the normal anatomy by in- 
juring the musculature of the uterus or its cornual 
sphincters. 

It should as well aim at conserving the salpingo- 
uterine continuity permanently. Mere implanta- 
tion into the uterine cornua and the bringing to- 
gether of uterine and tubal mucosa (end-to-end 
union) is insufficient. Even if permanent perme- 
ability is thereby attained, the line of junction 
might become constricted, which would defeat 
our object. 


INDICATIONS AND CONTRA-INDICATIONS 


The choice of cases for implantation cannot 
usually be definitely decided beforehand, as we 
cannot foretell whether or not sufficient tubal 
length will be available. It is therefore clear that 
abdominal exploration is necessary; even if tubal 
implantation is not found feasible, we would then 
be able to liberate adhesions, resect any diseased 
part of the ovary or the tube, or correct the uter- 
ine position, if any of these conditions is present. 

Tubal implantation is indicated under the fol- 
lowing circumstances: 

1. In the presence of sterility with interstitial 
blockage that shows no evidence of any actual 
adnexal inflammation. 

2. Or in cases in which there had previously 
been adnexal inflammation which had been re- 
lieved and there had been no recurrence for a 
sufficiently long period, i.e. about a year’s time. 

Pre-operative hysterosalpingography should 
always be done, preferably not less than a week 


beforehand. A course of treatment with tamp. is 
and douches is done afterward to alleviate ; \y 
irritation caused by the manipulations or je 
lipiodol. Implantation would naturally have 10 
place in cases that show definite uterine infa:_ il- 
ism or atrophy, or in cases of ovarian hypofi c- 
tion whether primary or secondary to the chr: jic 
pelvic inflammation and adhesions. Restitu on 
of anatomical and functional permeability fu Ils 
no object in such cases. 


STEPS OF THE OPERATION 


The usual vaginal toilet is carried out. 

The cervix is dilated to the size of a \.. 8 
Hegar dilator so that a Bonney insufflator ca. be 
inserted without any leakage. The insutfflat:y is 
left im situ. 

Abdominal operation. The adhesions are |ib- 
erated. The uterus and adnexa are delivered 
through the wound. A sound with a bulbous end 
is introduced into the abdominal opening of |)oth 
tubes to determine the extent of their patency 
and to obtain a clue as to where we shoul cut 
the tube across—that is at its innermost perme- 
able point (Fig. 2). We should require at ‘cast 
6 centimeters of fallopian tube (ampullary and 
isthmial) for efficient utilization. 

The isthmial tube, which is the part usually 
blocked, is liberated from its mesosalpinx \) to 
the cornu where it merges into the short ‘iter- 
stitial part (Fig. 3). At this junction, and \ itha 
conscious preservation of the cornu in its en! rety, 
a circular incision through serosa and musi i laris 
is made, until we encounter the fibrosed |) iper- 
meable core that remains of the interstiti: mu- 
cosa. This core, with its continuation i the 
interstitial tissue is patiently and gently dis ‘cted 


hd \ 

\ 

(J 
Fig. 1. Fig. 2. Fig. 3. 
Fig. 1. Drawing showing occluded area in tube. Fig. 3. The isthmial tube is liberated from i mes? 


Fig. 2. Drawing showing the innermost permeable point. 


salpinx up to the cornu. 
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Fig. 7. 

Viv. 4. Careful dissection enables us to conserve the 
muscular integrity of the cornua. 

Fig. 5. Fenton dilator inserted in both tracts at same 
time. 

Fig. 6. Two catgut sutures have been passed through 
the whole thickness of the inner ends of the cut tube. 

lig. 7. The suture is being carried out through cornu, 


out from the cornual musculature with a fine 
knife. If it cuts through, as frequently happens, 
the whitish spot that represents its continuity 
serves for further dissection until we open into the 
cone of endometrium that lines the uterine angle. 
The dissection is made much easier by the utiliza- 
tion of the Bonney or other insufflator to distend 
the uterine cavity and thus to bring the endome- 
trial apex of the cornu farther out. The opposite 
side is treated in a similar manner, and a small 
dilator is inserted in the opening already made 
when the insufflator is again manipulated. By 
this patient dissection we are able to conserve the 
muscular integrity of the cornua (Fig. 4). 

The fine tracts left are then gradually suffi- 
ciently dilated by means of the Fenton dilators, 
the dilators passing through both ends at the 
same time to admit the passage of a whole thick- 
ness of the tube (Fig. 5). Two catgut sutures are 
passed through the whole thickness of the inner 
ends of the cut tubes, on both sides, and are tied 
(Fig. 6). The sutures are then passed through the 
eyes of two rather long probes which are guided, 
in Opposite directions, through cornu, uterine 
lundus, the other cornu, to the opposite tube, and 
out of the abdominal ostium together with the su- 
tures, which are delivered out of the same tract 
‘Fig. 7). The sutures are then pulled upon in 
opposite directions with the result that the inner 
part of each cut tube is telescoped entirely into 
the respective cornu to the degree required 
‘Figs. 8 and 9). 


Fig. 8. 


Fig. 9. 
uterine fundus, the other cornu, to opposite tube, and out 
through abdominal incision. 

Fig. 8. The sutures have been pulled through in opposite 
directions so that the inner part of each cut tube is tele- 
scoped entirely into the respective cornu to the degree 
required. 

lig. 9. Later step in procedure. 


In cases in which the tube on one side is found 
to be totally disorganized or its patent part so 
short as not to be utilizable, the sutures placed on 
the cut end of the other effective tube are made to 
pass on a needle through the cornual hole and 
pierce from within outward the corresponding 
walls of the fundus about its middle line (Fig. 10). 
These sutures are pulled upon sufficiently to tele- 
scope the required length of whole tube inside the 
cornu. 

Interrupted seromuscular sutures are inserted 
to unite cornu to tubal wall and thus firmly 
anchor it in position. 

Tubo-uterine continuity is thus assured by 
these steps, and a sufficient amount of the entire 
tube is invaginated into uterine cornu. The trans- 
uterine and tubal lengths of catgut, left in situ, 
further help to secure the permanency of this con- 
tinuity as they remain there for some 4o days. 
Sterile oil, or homenol if available, is put in to 
prevent adhesions. After the operation, the 
uterus is usually in a good position, and the posi- 


\" 
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Fig. 10. ‘Technique in case one tube alone is available 
for implantation. 
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Fig. 11. Hystero-salpingogram No. 1 


showing the 
blockage of the tubes at both uterine ends. 


(Private case). 


tion is insured by the shortening of the mesosal- 
pinx. The permeability could be tested at the 
time, by the Bonney insufflator which has been 
left in its original position. 

Postoperative hysterosalpingography. Tests are 
made on repeated occasions, at first 2 to 3 weeks 
after operation and later on as opportunity arises. 


Fig. 12. Hystero-salpingogram No. 2 of same case =) \\- 
ing patency of both tubes, after the implantation oper ion 
and the passage of lipiodol as oil droplets. Three | :bic 
centimeters of oil only were injected. 


In some such patients it was found that the tuho- 
uterine permeability was still present even as late 
as a year and a half after operation. 


Figs. 13 and 14. Hystero-salpingograms showing patency of both tubes after implantation. (Hospital cas 
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ADVANTAGES 


‘he advantages of this operation, which we 
ha: » been doing for the last 3 years at Kasr EI- 
Ai’, lie, primarily, in the maintenance of the 
mu cular integrity of the uterus. The object of 
the »peration is to reinstate tubo-uterine perme- 
abi ty in an effort to overcome this cause of ste- 
rilii.. And it is our belief that a uterus treated 
as » ec have described, with the musculature left 
inta. t, is better fitted to stand the strain of preg- 
nan vy and labor than is a uterus in which the 
corniia have been incised, cored-out, or resected. 

Tie advantage of the special way by which the 
tube is implanted in order to secure permanent 
continuity in its normal direction is evident. 

There are two theoretical drawbacks to meth- 
ods of operation in which the tube is not im- 
planted in its natural site, namely: (1) the ferti- 
lized ovum is then implanted lower, and (2) dur- 
ing periods of muscular atony the menstrual 
fluid may easily be regurgitated and this might 
lead to the occurrence of pelvic endometriomata. 

The appended hysterosalpingograms demon- 
strate the integrity of the musculature of the 
cornua of the uterus. They were taken immedi- 
ately after the injection of the lipiodol, while 
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screening. The conformity of the uterine cornua 
with the normal shape is well seen. 


My thanks are due to Prof. R. S. Dobbin for encourag- 
ing me to make this study and for allowing me to use the 
French literature in his possession; to my colleague Dr. H. 
Sobhy, obstetric tutor, who has done the operation himself 
several times; to Drs. Ahmed Marey and Husein Erfan for 
the radiograms; and to Mr. Strekalovsky the artist to the 
Faculty for the execution of the drawings. 


REFERENCES 


Cotter, G., and BertrANnb, P. Gynéc. et Obst., 1927, 
Nei 3: 

Douay, E. Gynéc. et Obst., 1927, xvi, No. 2. 

Heuser, C. Metrosalpingoradiografia. Semana méd., 
1926, 2, 1667-1671. 

MANDELSTAM. Schwangerschaft nach Tubeninplanta- 
tion in den Uterus. Zentralbl. f. Gynaek., 1926, 
September. 

Puities, L. The conceptional value of reconstructed 
tubes. Brit. M. J., 1923, September 8. 

SCHNEIDER, P., and Ers_er, F. Gibt es einen Tuben- 
sphinkter? Sphinkterbildungen am Uterus. Zen- 
tralbl. f. Gynaek., 1927, li, 23-30. 

Sotomons, B. J. Obst. & Gynec. Brit. Emp., 1927, 
xxxiv, No. 2. 

STRASSMANN. Die plastische Wiederherstellung bei 
gestoerter tubo-uteriner Leitung Zentralbl. f. 
Gynaek., 1924, No. 31. 


of 
3. 
4 
5 
6 
8 
| 
od 
+ 
: 


790 SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 1. Prevention of deformity; technique of operation 
and dressing; after care. A, B, and C, Patient admitted 
in poor physical and mental condition, with widespread 
granulating areas from a burn. Surgical cleanliness and 
firm granulations were obtained by means of salt baths, 
dry heat, and mild antiseptic (acriflavine) packs. The 
wounds were kept clean and free of débris; and from scat- 
tered islands of epithelium there was spontaneous healing 
of satisfactory thickness over part of the lower area. D 
and E, The surface of the entire axilla and much of the 
chest and arm was restored with thick split grafts. Satis- 
factory bearing surface, complete release of deformity and 
normal function resulted. (Two operations.) 

(1) The granulations were shaved from the areas down 
to a very thin scar base, and some of the full thickness of 
the scar itself was removed so that complete elevation of 
the arm was possible. The grafts were removed from the 
thighs with the aid of the suction retractor. They were 


accurately sewed in place and extra “qu t- 
ing’ sutures were put through the cente: of 
them. Multiple stab holes were made thro: sh 
them and all blood clots expressed. 

The dressing was (1) 2 layers of 3 er 
cent xeroform gauze, (2) several layer: of 
plain gauze, (3) soft sea sponges, and (4) 1c- 
curate fixation and pressure with large ga\ize 
rolls and adhesive plaster. The final fixation 
of the arm was done with a simple “quilted” 
bed pad (such as is used in any infant’s ward); 
this was held in place with another gauze 
roll and adhesive plaster. The arm was placed 
at oo degrees abduction, and the elbow at 
go degrees flexion, with the arm rotated biack- 
ward at the shoulder (the ‘‘never-again” 
position). We formerly used plaster-of-j aris 
fixation, but do so only occasionally now, as 
we have found that this softer fixation is sim- 
pler to apply, easier on the patient, and vives 
adequate support. (See Fig. 9.) 

After care. If grafts have been put «n an 
open granulating field, the first dressiig is 
done on the fourth day. (If the ares has 
been clean and healed at the time ©! op- 


eration, the first dressing may be delayed until thesis hor 


- eighth day, unless there is pain, elevation of temper: ‘ure, 


or excessive discharge from the wound.) The suture. may 
usually be removed, and the excess edges trimmed way 
with sharp scissors. Any pustules, blebs, or bliste:~ are 
opened and evacuated. If blood has collected und: any 
area, the skin is opened over it, the clot turned out, a: | the 
graft allowed to settle back down on the wound. © © per 
cent silver nitrate is gently scrubbed over the edgy: and 
any open areas. A wet boric dressing is applied firm — and 
with the arm fixed in position again with a bed pa. No 
sea sponges are needed from now on; daily wet dr sings 
are done until the wound is clean enough for a greas«_ ‘ress 
ing, and then they are changed as necessary. As > 1 as 
the area permits, active movement is begun. If itis: ident 
that second operations are necessary they are don when 
the patient is in satisfactory physical condition for _ rther 


work. 


The Release of Axillary and Brachial Scar Fixation.—James Barrett Brown, Vilray Papin Blai 
and William G. Hamm 
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RELEASE OF AXILLARY AND BRACHIAL SCAR FIXATION! 


JAMES BARRETT BROWN, M.D., F.A.C.S., VILRAY PAPIN BLAIR, M.D., F.A.CS., 


WILLIAM G. HAMM, M.D., 


F.A.C.S., St. Louts, Missouri 


from the Department of Surgery, Washington University School of Medicine and Shriners’ Hospital for Crippled Children, St. Louis 


)ASED partly upon observations made in the 

) early or late treatment of 35 cases of deep 

~ burns about the arm-axilla-chest-region, 

the ‘ollowing deductions are considered as basic 
in | heir care. 

1. In the acute and subacute stages relief of 
pain, control of sepsis, and maintenance of com- 
fort and the best obtainable general conditions, 
are of first importance; they may be life-saving 
and should be established before operative correc- 
tion is undertaken. 

2. Comfortably applied moist hypertonic salt 


A. 


_Fig. 2. Restoration after widespread loss; one opera- 
tion; method of freeing contracture. A, Complete healing 
of arm to side 1 year after burn. B and C, The defect re- 
sulting from relaxing the scar was extremely large, and no 
laps were available for covering the apex. The entire area 
was covered with split grafts at one operation. Result is a 
good bearing surface, no remaining scar bands and full 
range of motion. The grafted area is outlined and it is seen 
to be so large that any attempt at repair with full thickness 
grafts or flaps would result in great deformity elsewhere in 
the body. This patient also had a dislocated cervical 
vertebra which was presumably sustained at the time of 
the burn. She was treated for this by Drs. Theodore 
Brookes and C. H. Crego. 

In relaxing this type of contracture, incisions are placed 
\o allow opening of the area with preservation of any flaps 
possible for covering the apex of the axilla. It is well to 


dressings or baths with alternate periods of dry 
heat are definitely helpful. 

3. Traction or fixation to prevent scar con- 
traction will, even when carefully applied, fail in 
its object and may be detrimental. 

4. Early surfacing of areas in which the full 
thickness of the skin has been destroyed shortens 
invalidism and prevents or lessens the ultimate 
disability that would result from scar fixation. 

5. Fixation that has occurred can be released 
by cutting or removing all binding scars, but this 
mobilization can be made permanent only by 


B. 


have one assistant do nothing but hold the arm and gently 
extend it as the scar gives way. Tightness of the skin from 
the deltoid region to below the clavicle and over the poste- 
rior aspect of the arm must be opened and the defect 
grafted. Even a small triangle of opening is important in 
these areas, and, if the graft is successful, this may make 
the difference between complete and partial freedom of 
motion. One of these small important areas is shown in 
this patient and one in Figure 3. 

The necessity of removing any tissue will depend on the 
surface type of scar and the thickness of the deep scar. In 
this patient practically no skin or scar was removed. The 
contracture was opened, the arm gently elevated, and the 
edges gently dissected back. A very large defect was left 
which was grafted. If there is such heavy surface keloid 
or deep scarring that the contracture cannot be overcome 
otherwise, wide areas of scar tissue may have to be excised. 


‘Presented by Dr. Blair at the Southern Surgical Association, Miami, Florida, December 14, 1932. 
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ig. 
Fig. 3. Complete immobilization of arm. Advancement 
of pectoralis major and latissimus dorsi. Thick split grafts 
only possible method of covering defect. A, Arm grown 
solid to body with excessively thick scar over entire side. 
Deep dirty sinus running high toward axilla, 2% years 


after burn. At the first operation the sinus 
opened and then acriflavine packs were kept © 
area. At the second operation the contracture 
widely but the arm would not come up satisfa: 
consultation with Dr. C. H. Crego it was deci 
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Fig. 5A. Fig. § 
vance the pectoralis major and latissimus dorsi upward on 
the chest wall, and this was done without disturbing the 
nerve supply and without exposing the contents of the 
axilla. The muscles were anchored with catgut and the 
arm could be raised to the vertical. It was necessary to 
stop the procedure, and the area was dressed with acri- 
flavine gauze. At the third operation (done 48 hours later) 
the entire area was covered with thick split grafts and the 
arm fixed with the dressing as described in Figure 1. Accu- 
rate measurement of the skin removed from the thigh 
showed five large areas and one small one, and the total 
area denuded 173 square inches (1,081 square centimeters). 
These grafts “took” successfully and good function and 
free movement up to about 1o5 degrees abduction were 
obtained. 

At the fourth operation the contracture was opened low 
across the axilla, and one was opened just above the elbow. 
The resultant defects were covered with thick split grafts 
from the thighs. Three denuded areas on the leg measured 
48 square inches. Total for both operations of 221 square 
inches (1,381 square centimeters). The final surface area 
covered as measured with a paper pattern shows less than 
one-half this amount. This is not an accurate measure- 
ment of field contracture, but rather an index of the large 
amount of graft one should have to cover one of these areas 
adequately. 

B, C, and D, There is practically complete function, and 
the power of the pectoralis major and latissimus dorsi has 
been maintained (see Fig. 4). In D along the posterior edge, 
note the small triangular insert of graft that allows impor- 
tant relaxation. The thighs show the rather inconspicuous 
scars of the thick split grafts, and in time another “crop” 
of grafts can be cut from these same areas to cover the 
heavily scarred flank if it gives too much discomfort. In 
B the scars of a few small deep grafts (done before entry to 
this service) can be seen. 

This boy is an ideal type from which to cut thick split 
grafts by means of the suction retractor. The thighs are 
large and firm, and not too muscular. In a smaller child 
with a deformity of comparative size it might be a diffi- 


= matter to get adequate grafts for the covering of the 
erect. 
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Fig. 5C. 


Fig. 4. Physiotherapy. Function. Same patients as 
shown in Figures 3 and 7 in the gymnasium of the Physio- 
therapy Department at Shriners’ Hospital. It seems that 
postoperative stiffness and even second contractures in 
these cases may be easily overcome if a will to help them- 
selves is instilled in the patient and simple equipment is 
supplied for exercise and play. A trapeze hung in a tran- 
som of the hospital or home may sutlice. Massage and 
baking and baths are seldom necessary if the restoration 
has been adequate and the patient is able to exercise. Func- 
tion to be complete should, of course, permit complete mo- 
tion of the arm, but, in some instances, if the arm is gotten 
to above right angles by one operation, it may be dillicult 
to get the patients to submit to further procedures because 
they do not feel that they have enough deformity to war- 
rant it. 

Fig. 5. Comparison of full thickness and thick split 
grafts. Breast function and position. A, Arm grown firmly 
to side, complete destruction of axillary skin, widespread 
loss on chest, 1 year after burn. B, The deformity was 
released and the defect covered with a single full thickness 
graft that included almost the entire lower abdominal skin. 
C, About 1 year later some limitation of motion remained 
along the anterior axillary fold. This area was opened, and 
the defect covered with thick split grafts to give the result 
shown here taken still a year later. At this time it was im- 
possible to distinguish the full thickness from the thick 
split graft. The white area is spontaneous healing that has 
occurred over areas of fairly deep loss. The breast may be 
elevated out of position, and, if possible, the original opera- 
tion should correct this by relaxing it and grafting the 
defect. It may occasionally be pulled down if there has 
been heavy scarring over the flank and abdomen, and a 
separate operation and graft may be necessary for elevating 
it. 

If the nipple area has been destroyed and there is heavy 
scarring over the breast tissue, it is our belief that the gland 
tissue atrophies and never regains its function. We have 
never seen any trouble with the breasts whether just 
heavily scarred or whether the nipple area itself has been 
destroyed, but pregnancy has not occurred in any patients 
of this series, and so the observations are not complete. 
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Type; 
age in 
years 


6 mos. 


Duration of lesion healed or unhealed 


Healed. Extreme deformity 


yrs. Healed 


yr. Healed 


Unhealed because of added X-ray burn 


14 yrs. 
16 mos. Healed 

6 mos. Healed. Marked deformity and itching 
6 mos. Widespread keloid and itching 


Type of 
graft used 


Full thickness 


Full thickness | 


G ull thic 


F ull thickness | | F lap from 
behind for 


ull thickness | Graft. 


Full thickness 
anda thick | 
split to cover 
partial loss of) | 
full thickness 


tyr. Unhealed. Solid growth to side 


Healed 


10 yrs. 
;mos. Heavy keloid, intense itching 
5 mos. Marked de formity from a dislocation al 


the 2nd cervical vertebra sustained at the time 
of the burn. Neck and axilla unhealed 


tyr. Healed. Had many small deep grafts, 
with healing but without correction of 
deformity 


Whole chest and right axilla one painful 


I mo. 

ulcer 

2 mos. Unhealed. Very widespread, body, 
chest, neck, arms 

16 yrs. Good webs. Only slight limitation of 


function. Had 2 operations that only scarred 
the webs further 


Several yrs. Healed 


6', yrs. Electric burn. Extreme deformity 
about elbow but with only a slight web in 
both axillary folds 


Full thic kness 
followe lint | 
yr. by a thick 
split 


Full thickness | 


| Graft. 


SUMMARY OF CASES 


Flap or 


graft across 


apex of fos: 


No 


flap av 


No 


| Graft. 


flap av 


Graft. 


flap av 


Graft. 


lap a 


apex 


flap av 


Graft. 


‘No 


ailable | 


ailable | 


No 
ailable | 
No | 

ilable | 


No 
ailable | 
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| Both folds, arm, 


Both folds, arm, 


| Both folds, arm, ch : 
but only one operation done 


Both. folds, arm, ‘ch 


Function, areas grafted 
No. of operations 


complete function. 


apex. 


One operation 


complete functi tion, 


| Both folds, arm, 


One operation 


apex. 6 Complete fonction. 


One operation 


Anterior fold, arm 1 and chest to to let breast down 
in place. One oper ration 


Not complete elevation 


( Complete 


, and apex. 
One operation 


function. 


| flap 


flap available 


Graft. 


Full thickness | | Neither 
necessary | 


right and left, 


Thick split 


| Thic k split | 
| 


Thick split 
Thick split 


| Thick split 


T hick 
No grafts 
necessary 


Deformity both folds, itching and 


11 yrs. 
pocketing 
I'2y Arm bound to side. Wide scarring 


2 yrs. Several operations without relief of 
deformity 

2') yrs. Arm solid to body with ‘deep dirty 
pockets. Extremely thick scar over whole 
side of body 


Healed 


No grafts 
necessary 

No 
necessary 


o grate s 
necessa ry 


“Thic k split 


| Local 


Anterior fold, 


apex. 
let do 


‘No 


flap av ailable | 


Breast | 
wn | 


with thick 


split grafts | 


Local flap 


| 


| 
| 


| Neither 


necessary 


Local ft 


| 
laps 


Local fl flaps 


| Local flaps ‘| 


Local 


‘Local 


Thick 


flaps 


flaps 


flaps 


split 


grafts anda 


scar 


flap 


from the 
chest for ant. 


fold. 


Thick split. 


flaps 


available 


| Both folds, arm, chest, apex. 


| Panction perfect. 


No dis- 


Abduction gotte n an 45 to 105 
Secondary operation refused 


Complete clevat 
2 operations 


‘omplete funet tion. 


Anterior fold and apex. 


One ope ration for each side 


rior folds ‘and ches ( complete function 
2nd flap operation necessary on left 


One operation, breast dow: 
normal position. Vertebra reduced by Dr. 1.5 
Brookes 


Asiterior fold, chest, arm. 
Complete function 


“Two operations. 


Ww hole anterior chest wall. "Anterior fold. 
3 operations. A omplete function 


operations. 


Area, chest, anterior fold. 2 
( ‘omplete’ function 


lc est, anterior fold, arm, One ‘operation. 
Complete function 


arm. ‘One ope ration. 


Cc hest, anterior fold, 
( ‘omplete function 
| Anterior fold- apex fap operation. 
operation. Complete function 


One 


Ine 


Both folds ands apex fla operation. 
_operation. ( omplete tunction 
| | Both folds and apex flay ) operation. “One 
operation. Complete unction 
Anterior fold- apex flap operation. 1 
function 
Both folds, a3 al arm, chest, and flank. Px ralis 


major and latissimus dorsi taken entir: 
from their origins and advanced toward a. 4 
operations. Over 200 square inches of s} 
Complete function obtained 


“Antetior fold, chest, apex, arm. 2 operat 
Complete function 
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SUMMARY OF CASES—Continued 


— 
pe; : | | Flap or 
ein Duration of lesion healed or unhealed | Ty pe of | graft in | Function, are a grafted 
graft used pve No. of operations 

ars | axilla 
I | 2'2 mos. Unhealed | Thick split Thick split. Anterior fold, arm, apex, chest. One operation. 
> | No flaps Complete function 

| | available | 

| | 
\ / 1 mo. Unhealed Thick split | Thick split. | Flank, anterior fold, arm, chest. One operation 
\ | | No flaps Complete function 

| available 

\ | 12 yrs. | Thick split | Thick split. | Both folds, apex, chest to let breast down Hank 
| | | No flaps | One operation. Complete function 

| | | available | 
\ /6 mos. Extreme deformity, right and left. Thick split | Thick split Both folds, apex, arm, chest. Both right and left 


| Back heavy keloid. Child unable to protect grafts. Tried) sides. Three operations. Practically complete 
self in falling to turn flaps | function 


| | but they were} 
| | not sufficient | 
|) 2 yrs. Healed. Arm bound to side Thick split | Thick split | Both folds, arm, chest, apex. One operation. 
| grafts. No | Complete function 
| | flaps avail- | 
able | 
| tyr. Healed. Extreme deformity. Dislocation | Thick split Thick split | Both folds, arm, chest, apex. One operation. 
| cervical vertebra at time of burn | grafts. No Complete function. Also had reduction of 
| | Naps avail- | dislocation by Dr. Theo. Brookes 
| | able 
\ 7 yrs. Still ulcerated in one area. Had 7 | | Thick split | Thick split | Both folds, apex, arm, chest. Two operations. 
l operations that did not relieve the deformity | | 


| graftsand | Complete function 


and that ruined most of the donor areas for local flaps 


getting grafts 


| 
| 
1 | 1o wks. Very widespread severe burn. | Thick split Thick split Both folds, apex, chest, lank. 2 operations. 
"1 Cleaned up for operation in a salt bath and | grafts. No Complete function 
with dry heat | | flaps avail- | 
| | able | 
. . | } . 
I o mos. Heavy scar and painful keloid | Thick split | Local Naps | Grafts arm, both folds, chest. One operation, 
— | | Complete function 
4 mos. Unhealed. Had one unsuccessful graft | Thick split | Local flaps | Grafts, arm, both folds, chest. 3 operations 
7 | elsewhere | | | Complete function 
I 10 yrs. Electric burn. Extremely heavy | Thick split | Grafts in | Grafts, chest, back, arm, both folds, apex 


starring, keratosis, and discomfort. Unhealed apex. Flaps 2 operations. Function almost normal. But result 


after 16 yrs. Microscopic diagnosis: | | from front hindered by removal of carcinoma that occurred 
squamous cell carcinoma | over flank 


| | and back 
folded 
around | 

Thick split | Grafts. No | Grafts, flank, abdomen, both folds, apex, arm, 
flaps avail- | Arm free but repair unfinished 

| able | 

Thick split | Grafts. No 

flaps avail- 

able 


I ; mos. Unhealed. Extreme deformity, pain, 
7 itching, and contracture 


I Unhealed 


Arm free but repair unfinished. 2 operations 


t “ype” indicated in Column ‘*One” is for convenience in classification of the deformity. 
Type 1. Heavy local scar with binding or direct growth of the arm to the side. 


Type 2. Heavy scar or keloid formation over the chest, back or flank, involving one axillary fold and possibly the apex of the axillary fossa 
ype 3. Web formation of one or both folds. 


Fig. 6. Thicknesses of skin grafts. Shows relative thick- 
ness of Ollier-Thiersch and thick split grafts taken from the 
inside of a man’s thigh. There is a fair thickness of derma 
attached to the thinner Ollier-Thiersch graft, and we have 
found that even thin grafts are rarely cut through or above 
the papillary layer, as is the rather prevalent idea. They 
are usually cut just below the papillary layer and the bleed- 
ing that follows is from the derma rather than from the 
papilla. The thick, split graft does not look as thick as 
might be expected. This, however, was cut through a low 
level of the derma, but the derma itself was not very thick. 
This graft roughly includes about three-fourths of the 
thickness of the derma. 

The thickness of the derma varies in different parts of 
the body, on different people, in different ages, and in the 
two sexes. On the back the epithelium is very thin, but the 
derma is so thick that the growth of full thickness grafts 
taken from it is questionable. 


4 
Nore.—The te apex is used to designate the uppermost part of the axillary fossa as seen from the outside, and not as © anatomical ape rage. 24 
Nore.—The term is used to designate the uppermost part of tl Nary f f th itside, and not the anatomical apex 
of the inside of the axilla Bas) 
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} 
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Fig. 7C. 


Fig. 7. Wide chest, neck, and arm involvement. Local 
results of and scars of donor area of pinch grafts. A, Com- 
plete healing with the aid of pinch grafts one year after 
burn. There has been wide destruction over the chest, and 
the breast and nipple are entirely destroyed. The arm is 
held in by the bridge of scar tissue and grafted surface from 
the chest. B, This web was opened and no tissue was ex- 
cised except the ulcerated edge. There was marked imme- 
diate retraction of the tissues and the large defect was 
covered with thick split grafts. A small graft was put in at 
a second operation when the neck was grafted. Full range 
of motion has been gotten (see Fig. 4). C, The wide de- 
gree of retraction following a simple opening incision is 
seen by the line of old pinch grafts on the arm, and the line 
of them far over on the chest. Before operation, as seen in 
Figure 7A, these grafts were all in the same area over the 
anterior fold. D, Scars of pinch, or small deep grafts done 
elsewhere after 1 year’s time. Scar of thick split graft after 
3 months on inside of right thigh. 

Fig. 8. Utilization of both sides of a web. A, Patient 
with burn scars of 16 years’ duration. The limitation of 
motion of the arm was not bothering the patient at all, and 


Fig. 7D. 


he sought treatment only because the limitation from the 
web about the elbow interfered with his work. At «pera- 
tion the axillary web was split in two as outline’. and, 
without the excision of any surface tissue at all, the | ctrac- 
tion of the scarred tissue (which was perfectly soft) vas so 
great that the grafts outlined in C were needed to c|. se the 
defect. At the same time the web from the arm ‘0 the 
forearm was split and all of it utilized in the closu::. but 
here also it was necessary to use a graft to close the efect, 
and the graft healed in better than the flaps. Flaps J scar 
tissue cannot be cut very large or very thin without | imag: 
ing their vitality. In this case it seemed improba! » that 
grafts would be necessary but on opening the we! _ there 
was immediate retraction of the flaps. It is best no ‘0 put 
any tension on these flaps, and this point is emj asized 
here by the evident looseness of the skin around t! elbow 
in C. In 4 cases out of the series of 35 good enow | flaps 
were gotten so that no grafts were necessary. [ Shows 
relief of contractures in the axillary fold and in th. ubital 
fossa. C, Grafts outlined. Note the different ( ree 0! 
pigmentation of the grafts—white on chest wh © it }s 
stretched, dark on arm where all surrounding skin ax. 
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Fig. 9A. 


Fig. 9. A, Plaster-of-paris cast to support arm. This 
type of fixation is not necessary and may even be detri- 
mental if there is slipping or twisting of the body inside the 
cast. B and C, Fixation with a folded bed pad incorpo- 
rated in the external layers after a firm sea sponge pressure 
dressing has been applied, This type of fixation is more 


Figs. 9B. and 9C. 


comfortable, much more easily applied, and with it the 
patient can sit up without support and be out of bed. It is 
also much less expensive. The pad is folded in three or four 
layers and bound firmly on and held with several strips of 
adhesive. Most of the time the arm should be supported 
with extra pillows. 
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surfacing the raw areas, the arm being fixed in 
abduction. 

6. The use of large split skin grafts in sufficient 
number is a simple and almost universally applic- 
able plan of surfacing these areas. 

In the treatment of deep burns about the arm 
and shoulder, free movement is the ultimate 
objective and the earlier this can be made the 
dominant note the better. With the general con- 
dition, comfort and morale of the patient all being 
cared for, the most important step in a recent 
burn is early complet2 resurfacing of the denuded 
area. This will shorten invalidism and lessen, or 
prevent, further fixation by the scar that occurs 
with spontaneous healing. (Fig. 1.) 

During the period devoted to general pre- 
operative care, the raw areas will contract and 
partially epithelialize by ingrowth from surround- 
ing skin areas and possibly also from persistent 
remains of skin glands. Areas that heal from skin 
remnants may require no further treatment be- 
cause the full thickness of the derma has not been 
destroyed, but epithelialization by ingrowth (or 
seeding) from surrounding skin is for a long time 
extremely delicate and easily destroyed; and the 
scar upon which it rests may subsequently have to 
be shifted or removed to allow free movements. 

Even the most severe deformities, including 
union of the arm to the chest wall, can be relieved 
by division and dissection that permits the fullest 
relaxation with complete abduction of the arm. 
The dissection must be carefully done to avoid 
injury of the deeper structures, and complete 
abduction must not involve ruthless rending of 
underlying muscles. Concurrent grafting is done 
with the arm held at a right angle to the chest 
which position is maintained until the healing is 
completed. (Figs. 2, 3, 9.) 

Skin consists essentially of a thick, elastic, deep 
layer with a thinner, protective covering. Derma 
normally rests upon a yielding base and epithe- 
liated scar is a very poor substitute for normal 
skin and subcutaneous tissue; when this scar is 
thick and unyielding, it isan encumbrance. When 
lost over a large area, normal skin is best sub- 
stituted for in most cases with free grafts of split 
skin of a thickness greater than that of the Ollier- 
Thiersch graft as it has usually been described. 
The thick split grafts should be of sufficient size to 
cover the whole area with one or as few pieces as 
possible. (Fig. 6.) 

When this thick split graft is smoothly fixed to 
an even firm surface by suture and pressure, it 
can fulfill the highest possibilities, but when the 
surface is uneven, a full thickness skin graft may 
give a better appearance; this point, however, is 
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usually not of importance when the area is cvv- 
ered by the clothes. For a comparison of ‘he 
technique and uses of the split and the full thi: k- 
ness graft, see references 1 and 2. (Fig. 5.) 

Under split grafts there is always some conty ic- 
ture of the base on which they are put, but th -re 
is great power in the arm and shoulder activel: to 
resist contraction and, because of this, the s lit 
graft is well adapted for covering defects her: 

In cases of long standing with the fixation « ver 
a limited area, the abductor muscles may |} ive 
drawn out the scar into one or more soft web. or 
plicas which permit free movement. In 1 ese 
cases operation is done chiefly to do away _ ith 
the webbing. The fold is split and each si: © is 
converted into an appropriate flap by inci- ons 
that may somewhat resemble a “Z.’’ There ere 
4 such patients in this series. (Fig. 8.) 

In 11 of the cases, auxiliary flaps from neig! jor- 
ing skin or soft scar were used in conjunction vith 
split free skin grafts as an extra protection {« the 
axillary vessels and nerves, but, with car. we 
have so far succeeded in not exposing the ax lary 
contents during the mobilization. In the late 
healed cases there was usually an increase i \ the 
quantity of fat, as happens everywhere tha’ the 
depth of a natural surface fossa has been les-ened 
by the traction of overlying or neighboring scar. 

Treatment of one of these cases is difficult in 
many ways and well planned surgery of propor- 
tionate magnitude will usually prove a saving of 
both time and effort. On account of the general 
condition, the scarcity of available skin or for 
some other reason, pinch grafts, small deep vraits, 
small Thiersch grafts, implantation gra/is, or 
tunnel grafts might be advantageously used to 
tide over some phase of the treatment, bu these 
are not always conservative of the donor areas. 
Homografts might be considered with thes: men- 
tioned because, at times, they apparently -timu- 
late subsequent spontaneous epithelializati:n, but 
in our own cases we have not observed the |omo- 
graft itself to persist. (Figs. 1, 2, 3, 7.) 

Releasing scars and allowing the defect « sain to 
contract but adds to the total amount / scar 
(Fig. 8). 
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CANNULA GASTROSTOMY AND ENTEROSTOMY'! 


LESTER R. DRAGSTEDT, Px.D., M.D., H. E. HAYMOND, M.D., anp JAMES C. ELLIS, M.D., Catcaco 


From the Department of Surgery of the University of Chicago 


/ production of an artificial opening 
through the abdominal wall into the stomach 
or intestine was attempted early in the 

history of surgery and a great deal of ingenuity 
has been displayed in the various operative pro- 
ce/ures employed. These have been described so 
thoroughly by R. W. McNealy (1931) that 
no reference need be made here to this ex- 
tensive literature. Attention has been di- 
rected to the development of simple methods 
whereby nutrient materials and fluids might be 
introduced directly into the stomach or intestines 
at will and yet prevent the escape of the highly 
irritating digestive secretions which produce such 
a troublesome excoriation of the surrounding skin. 
Not only has the operation of gastrostomy and 
enterostomy been of great service in the clinical 
treatment, but it has been a most useful tool in the 
hands of the experimental physiologist in the 
study of digestion. It is the purpose of the present 
communication to describe a technique, embody- 
ing the principles of one of the older experimental 
methods with certain modifications, which has 
been useful to us both in the clinic and in work on 
lower animals, and which in certain features 
seems to be an improvement on methods in cur- 
rent use. 


Fig. 1. Photograph showing the gold plated cannulas 
and accessories. Dimensions of the gastrostomy cannula to 
the left: total length 10 centimeters, inside diameter 1.20 
centimeters, diameter of circular flange 4 centimeters. 
Dimensions of enterostomy cannula at the right: total 
length 1:0 centimeters, inside diameter 0.80 centimeters, 


length of flange 3 centimeters, width of flange 1.5 centi- 
meters. 


The essential apparatus consists of a brass tube 
or cannula with certain accessories all heavily 
plated with gold throughout. Its shape is best 
appreciated by inspection of the accompanying 
photographs and drawings. The cannula with the 
circular flange is used for the production of a 
gastric fistula. The curved rectangular flange is 
designed for the small intestine. The introduc- 
tion of the cannula is quite simple. An incision 
is made in the viscus (stomach or intestine) just 
large enough to admit the flange of the cannula. 
Closure is made with a running stitch and two 
purse-string sutures to invert the mucosa snugly 
about the shaft of the cannula. The greater omen- 
tum is now carefully wrapped about the shaft and 
secured in place by several sutures. This step is 
most important, since it seals the fistulous tract 
from the general abdominal cavity and thus pre- 
vents a peritonitis. It represents an adaptation 
of the principle utilized by London (1927) in his 
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Fig. 2. Drawing illustrating the use of the cannula for 


gastrostomy. Attention is directed to the layers of omen- 
tum interposed between the stomach and the anterior ab- 
dominal wall. 


‘This work has been conducted under a grant from the Mouglas Smith Foundation for Medical Research of the University of Chicago. 
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Fig. 3. Fig. 4. 

Fig. 3. Patient T. N. Carcinoma of cesophagus. Cannula 
gastrostomy June 10, 1931. Photograph taken July 15, 
1931, about 5 weeks later. 

Fig. 4. Patient T. N. Carcinoma of cesophagus. Can- 
nula gastrostomy June 10, 1931. Photograph taken Sep- 
tember 19, 1931, about 3 months later. 


Fig. 5. Fig. 6. 

Fig. 5. Patient J. M. Carcinoma of cesophagus. ( n- 
nula gastrostomy October 1, 1931. Photograph t: en 
December 5, 1931, about 2 months later. 

Fig. 6. Patient S. F. Carcinoma of cesophagus. ( in- 
nula gastrostomy January 29, 1932. Photograph t. en 
February 18, 1932, about 3 weeks later. 


Fig. 8. 


Fig. 7. Patient E. F. Carcinoma of cesophagus. Cannula gastrostomy April 16, 1932. 
Photograph taken May 3, 1932, 17 days later. 

Fig. 8. Patient P.S. Carcinoma of cesophagus. Cannula gastrostomy April 15, 1932. 
Photograph taken May 10, 1932, 25 days later. 

Fig.9. Photograph showing the absence of corrosion about the cannula used for a 
Pavlov pouch fistula in a dog, duration 8 months. 


angiostomy experiments on lower animals. The 
distal end of the cannula is now brought through 
the abdominal wall by means of a stab wound, 
preferably 2 or 3 inches from the abdominal in- 
cision. To facilitate its passage through the ab- 
dominal wall and to secure a tight fistula, a 
sharply pointed cap may be screwed to the distal 
end of the cannula. This is, of course, immediately 
replaced by the blunt cap or the rubber tube 
adapter for convenient syringe feeding. It is 
advisable to wrap a gauze strip about the pro- 
truding shaft until the stomach and omentum 


have become firmly adherent to the abd: 
wall. Patients experience surprisingly lit 
convenience from the cannula and have n: 
culty in the introduction of semi-solid fo: 
fluids. There is no leakage, no excoriation 
surrounding skin, and hence no necessity 
constant changing of dressings. 

Todate we have employed this technique 
production of a gastrostomy in 6 patients s! 
from carcinoma of the cesophagus with s 
The legends accompanying the photograyp 
in sufficient detail the histories in these ca: 
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more rigid test of the method has been se- 
cu din its use for the production of various types 
of .stric and pancreatic fistula in lower animals. 
U; er these conditions a much more irritating 
flu is drained away and a satisfactory adjust- 
m t of dressings cannot be obtained. Neverthe- 
during the past 4 years, it has replaced other 
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methods in our laboratory, as incomparably more 
convenient in affording water tight fistula for the 
quantitative collection of secretions and in its 
complete freedom from digestion of the skin of 
the abdominal wall. Here again the accompany- 
ing photographs best illustrate the technique 
employed. 


CLAUDE F. DIXON, M.D., F.A.C.S., ANd J. A. STEWARD, M.D., Rocuester, MINNesora 


ENIGN tumors of the small intestine are 
sufficiently rare to deserve reporting. The 
series of cases from The Mayo Clinic re- 
ported by King in 1917 contained only one benign 
tumor of the small intestine in more than 44,000 
cases in which laparotomy had been performed, 

and Mallory in 4,165 postmortem examinations, 
found only 11 such tumors. 

The types of benign tumors found in the small 
intestine are polyp (adenoma), lipoma, fibroma, 
myxoma, myofibroma, myxofibroma, myoma, 
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Fig. 1. a, Intussusception of jejunum; 6, jejunum and 
‘umor after reduction of intussusception. 


Section on Surgery, The Mayo Clinic 


neurofibroma, angioma, endothelioma, and tera- 
toblastoma (5,13,20). The relative frequency of 
the different types is still in doubt. Polyps are 
said to be the most common (5), but the probable 
tendency of these tumors to disappear spontane- 
ously (1, 2) in some cases and their definite re- 
lationship to malignancy (17, 20) make their 
classification somewhat uncertain. Of the other 
benign tumors, lipomata, myomata, and fibrom- 
ata are the most common; the remainder are 
extremely rare. Despite the report of King that 
myomata occurred in his series more frequently 
than lipomata (45 of the former and 29 of the 
latter), the series of Kasemeyer in which lipomata 
were twice as common as either myomata or 
fibromata in causing intussusception, the 104 
cases of lipomata reviewed by Derocque as com- 
pared with 45 cases of fibromata reviewed by 
Clifton and Landry, and 58 intestinal myomata 
reported by Hake, lead to a different conclusion. 
Although there are no conclusive data on the 
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Fig. 2. Leiomyoma which extended into the lumen of the 
jejunum. 
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Fig. 3. Section of leiomyoma stained by van Gieson 
contrast method to show smooth muscle. 


subject, we believe that lipomata occur with about 
twice the frequency of either myomata or fibrom- 
ata. If myxomata are included with fibromata, 
to which they are generically similar, the incidence 
of fibromata and myomata is about the same, 
although the question is still in dispute (12). It 
must be remembered that in the various cases 
reported the tumors were examined by many 
pathologists using various staining methods, and 
if it were possible for all the specimens to be 
examined by the same person with uniform stains, 
the resulting ratios might be entirely different, 
or might substantiate the term “fibroid” as used 
by Bland-Sutton, or the more accurate term 
“leiomyoma” as used by Rieniets for the small 
benign tumors of the stomach. 


REPORT OF TWO CASES 

Case 1. A man, aged 57 years, came to the clinic De- 
cember 3, 1931. He complained chiefly of a painful mass 
in the abdomen. The trouble had begun in April, 1931, as 
an occasional knife-like pain before stool. The attacks be- 
came more frequent and for the previous two and a half 
months had occurred 10 to 15 minutes after eating and 
were accompanied by the formation of a mass. The mass 
in the abdomen would shift from left to right and disappear 
when massaged. There had been neither nausea nor melena, 
but much eructation and borborygmus. 

General examination showed the abdomen to be tender 
at the left of the umbilicus; an indefinite mass was palpable. 
Operation was advised for a tumor of the small intestine. 

December 10, 1931, intussusception of the middle of the 
jejunum was reduced (Fig. 1), 12 centimeters of the in- 
testine was resected and an end-to-end anastomosis was 
made for the removal of a tumor of the small bowel (Fig. 
2). Enterostomy was made above the anastomosis. The 
pathologist found a leiomyoma 3.5 centimeters in diameter, 
showing myxomatous degeneration (Fig. 3). The patient’s 
convalescence was uneventful and he was dismissed De- 
cember 23. 

CAsE 2. A man, aged 57 years, came to the clinic No- 
vember 30, 1931, with the complaint of a sense of fullness 
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Abdominal wall 
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Fig. 4. Leiomyoma of jejunum attached to scar 
dominal wall. 


in an operative scar. 
operated on and stated that he thought a ruptured 
dix had been removed and the abdomen drained. Th 
ation was followed by a stormy convalescence 
confined him to bed for 7 weeks. Afterward he 
erated steadily but had gas pains at the site of t 
and could feel a lump in the wound. 

General examination was negative except for t! 
rectus incision. In the center of the incision was a + 
firm mass, about 9 centimeters in diameter, whi 
partially fixed; it was painful only when pulled « 
from the abdominal wall. Excision of the m: 
advised. 

December 3, 1931, the scar and the mass were © 
The mass was incorporated in the musculature of 1! 
part of the jejunum and it was necessary to re 
muscle down to the mucosa to remove the tum: 
4and 5). The appendix was atrophic but otherwise 
The pathologist reported degenerating leiomyoma 
of the jejunum (6 by 4 by 4.cm.) attached to the al 
wall. Convalescence was uneventful and the pat 
dismissed December 21. 


The etiology of intestinal fibromata (t! 
generally used in clinical literature for t! 
mors), is not known (3) and the theory of i: 
or embryonal rests (6, 14) is at present as 
able as any other. 

The position of the fibromata may 
luminal or extraluminal, a division whic 
teaux thought to be due to the tumor aris: 
the submucous connective tissue in the |) 
or from the subserosal tissue in the seco: 
The most thorough report on the subje: 
review of 45 cases of fibroma by Clii 
Landry. In 25 of these cases the tumo 
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Fig. 5 Tumor and attached scar of abdominal wall. 


the small intestine, and in all but 2 cases was 
intraluminal in type. The average age of the pa- 
tients affected was 39 years; most of them were 
between 30 and 60 years, although Willis reported 
the case of a fibroma in the intestine of a girl aged 
8 years. The tumor occurs almost equally in the 
two sexes and is most common in the ileum. 

The outstanding clinical characteristic of fibro- 
mata of the small intestine is that of causing in- 
lussusception. Bland-Sutton reported a case of 
an extraluminal fibroma causing obstruction by 
torsion of the intestine, but intussusception was 
present in 23 of the 25 cases of fibroma of the 
small intestine reviewed by Clifton and Landry. 
That benign tumors frequently cause intussus- 
‘eption in adults had been previously pointed out 
by Eliot and Corscaden, who found them to be 
the cause of intussusception in 60 of a collection 
»| 300 cases. This is in contrast to malignant 
sions in the small bowel. Although malignant 
‘sions in the small bowel are by far more common 


Fig. 6. Section of tumor stained by van Gieson contrast 
method to show smooth muscle. 


(10) the incidence of intussusception is low. Judd, 
in reporting 24 cases of carcinoma of the small in- 
testine observed in The Mayo Clinic prior to 1919, 
noted only 2 cases in which intussusception was 
present, and Rankin and C. W. Mayo in a report 
of 31 cases from The Mayo Clinic from tgtg to 
1920, failed to mention intussusception as a com- 
plication. The reasons for this lack of invagination 
are probably the frequency of the napkin ring or 
circular type of carcinoma, and the comparative 
rapidity with which adhesions are caused in ma- 
lignant cases. 

The means whereby the intussusception is 
caused has been considered by various authors, 
and Iason and Filberbaum summarized the hy- 
pothesis into the following: (1) the weight of the 
tumor dragging the intestine; (2) violent  peri- 
stalsis due to a reaction to a foreign body; (3) 
spasm of the intestine at the site of the tumor; 
(4) perverted action of muscles; and (5) paralysis 
of the bowel. It is probable that several of these 
factors enter into all cases of intussusception. 

The intussusception caused by a fibroma may 
be acute, recurrent, or chronic, and the clinical 
picture will vary with the type as well as the 
situation of the obstructing lesion. Since the ma- 
jority of these lesions are situated below the mid- 
dle of the jejunum, the fulminating symptoms of 
obstruction high in the intestine are usually 
absent. In the acute cases a sudden onset of 
cramp-like pain and a mass in the abdomen are 
the best guides to the diagnosis. In Eliot and 
Corscaden’s 60 cases of intussusception caused by 
benign tumor, a mass was palpable in 22. In the 
recurrent type a shifting abdominal tumor with 
the attacks will indicate the trouble. The chronic 
type, in which there is sufficient lumen to allow 
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the passage of some material, may offer the most 
difficult diagnosis and be indistinguishable from 
chronic constipation or partial obstruction from 
any cause. Nausea and vomiting are variable 
symptoms. Melena may result from an ulceration 
of the mucosa covering the tumor, but is not as 
common as in cases of intussusception among 
children 

Examination of the intestinal tract by the 
roentgen-rays must be done with great caution. 
In the acute type of intussusception it is mani- 
festly contra-indicated, and in the recurrent and 
chronic types an acute attack with complete ob- 
struction may be precipitated. 

With the diagnosis made, surgical exploration 
is the treatment indicated. Although it is possible 
that benign tumors and whole intussusceptum 
may pass by way of the anus, delay in operating 
cannot be condoned. The operative procedure 
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r} SHE reason for the occurrence of pulmonary 
abscess and pneumonia following operative 
procedures has occasioned considerable dis- 

cus on. Clinical evidence and experimental evi- 
dere are often conflicting, especially the statistics 
of \ ‘rious operators who have written upon this 
sub oct. Some experimenters have reported fail- 
ures to produce pulmonary abscess by the intro- 
duction of infected material into the bronchi, un- 
less there has been some injury to the mucous 
menibrane lining the bronchi, while others have 
reported a certain percentage of success. It is 
possible that the failure of animal experiments 
along this line may be due in part to the natural 
immunity of dogs to the infectious micro-organ- 
isms to which a human being is vulnerable. 

A few writers have reported a large series of 
tonsillectomies with but few or no pulmonary 
abscesses or pneumonia following. The majority 
of clinicians, however, acknowledge varying per- 
centages. It is claimed by some that pulmonary 
abscess following tonsillectomy is embolic in ori- 
gin and does not come from aspiration. It is 
notable, however, that the greater percentage of 
pulmonary abscesses occur following operations 
in the upper respiratory tract and oral cavity and 
the majority have followed tonsillectomies. Lung 
abscess does not often follow drainage appendici- 
tis and pelvic operations, or others remotely situ- 
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Fig. 1. Application of apparatus. 


PETTIT: ADVANTAGES OF EXTREME TRENDELENBURG POSITION 


EXTREME TRENDELENBURG 
UPPER RESPIRATORY 
JOSEPH A. PETTIT, M.D., F.A.C.S., PortLAND, OREGON 


sucker are used except in cleft palate cases. 
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ated of a similar type from which the transference 
of septic emboli to the lungs should be expected. 

The first reported cases were by Richardson 
about 18 years ago, and up to that time the atten- 
tion of the profession had not been called to this 
possibility. Prior to that, such complications were 
attributed to other sources. 

The frequency of the occurrence of postopera- 
tive lung abscess varies with different observers. 
Moore reports one in about every 2,500 tonsillec- 
tomies. Lord, in reviewing 227 cases of lung ab- 
scess, recorded that 96 were postoperative and of 
this number 82 per cent followed operations about 
the upper respiratory tract. 

Various observers have made a series of bron- 
choscopic observations following tonsillectomies 
and have found aspirated blood in the trachea in a 
rather large percentage of cases. It is recognized 
that the respiratory tract rids itself of foreign 
particles with considerable facility if normal re- 
flexes are undisturbed; and if the mucosa is un- 
broken, infection is less frequent. However, as- 
piration of any infectious germ or pathological 
tissue is a factor of risk, especially if the mucosa 
is broken or irritated by inhalation anesthesia. 

It is the purpose of this paper to call attention 
to a technique we have always used which mini- 
mizes and probably in most cases eliminates any 
aspiration of blood, secretions, or infective mate- 
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Fig. 2. Tongue depressor and hand controlled mouth 
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rial during the general anesthesia of surgical pro- 
cedures about the upper respiratory tract. It 
equally minimizes deglutition during these opera- 
tive procedures. While no serious consequences 
may follow the swallowing of blood or other mate- 
rial, postoperative vomiting may be increased 
with the bad influence of such a contamination on 
plastic repair in and about the oral cavity and the 
strain upon the stitches. 

The proper use of an extreme Trendelenburg 
position gives many obvious advantages. First, 
blood, infectious materials, and secretions gravi- 
tate to the roof of the mouth and nasopharynx; in 
cleft palate cases gravitating into the nasal cavity 
and removed as described hereafter. The open 
air space for inspiration is at the floor of the mouth 
and the lower part of the pharynx. Sudden inspira- 
tory efforts do not draw secretions or blood into 
the larynx. The unconscious efforts of swallowing 
find the inferior constrictor of the pharynx con- 
tracting upon an empty space. The sucker appli- 
ance as shown in the illustration constantly with- 
draws the accumulation of blood and débris. In 
cleft palate operations we have the suction appa- 
ratus connected to a fenestrated catheter which 
is passed through one of the nares and constantly 
aspirates the entire length of the nasal cavity. In 
operations in which the palate is intact the sucker 
attachment is manipulated by hand and is fre- 
quently passed into the upper part of the pharynx 
and across the roof of the mouth thus keeping 
these areas free of any accumulation. Therefore, 
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as stated before, there is a constant free open ar 
space at the dorsum of the tongue and in the par s 
of the pharynx contiguous to the laryngeal apc °- 
ture. 

Second, as the operator sits on a stool at t ¢ 
head of the patient he looks directly down up 
his field of operation and gets the full benefit 
the head light. He has a comfortable position | sr 
any tedious procedure, both hands can be u: 
with equal facility and the operative field is | it 
on a “flat surface” before him. 

Third, this technique leaves both sides of © \e 
patient’s head free to be occupied by assista ts 
as the anesthesia is given through the cony »- 
tional blower and the suction appliance is brou at 
to the field by a non-interfering single tube. 

If this technique is carried out with preci- on 
the danger of aspiration pulmonary abscess or 
pneumonia is minimized if not eliminated. In 
fact during all the years we have used this we bh ve 
not had a single postoperative complication of iis 
type. We leave the patients in the Trende -n- 
burg position or turn the face downward after ‘he 
operation until all bleeding has ceased. 

In conclusion we want to emphasize the im) or- 
tance of (1) the extreme Trendelenburg posit on, 
(2) efficient sucker arrangement to maintain ‘he 
open air space at the base of the tongue and })/\ar- 
ynx, and (3) the final cleansing of the opera\ive 
field before returning the patient to bed in a josi- 
tion where blood or septic material may be ei! her 
aspirated or swallowed. 


: 
= 
4 
= 
re 
| 
: 
M 
op 
ae 
ule 
| 
| be 
Ost 
per 
| 
: 
a 
a 


is so serious a complication and its incidence 
is so much in dispute that a careful review of 
cases proved by operation or demonstrated by 
X-ray examination should be of interest. Bal- 
four’s latest reports indicate an incidence of only 
3.20 per cent, which contrasts sharply with figures 
of 20-34 per cent reported by Berg, Lewisohn, 
Strauss, and others. Prominent German and 
Austrian surgeons have for some time been advo- 
cating radical resections for peptic ulcer because 
of the high incidence of jejunal ulcer. Whether 
there is a racial difference in the size and type of 
peptic ulcer encountered in different countries is 
an interesting question. Walters and Snell gave 
their attention to this question last year when 
traveling in Europe and concluded that owing per- 
haps to coarse, irritating dietary habits, the type 
of multiple ulcers with gastritis met with in 
the people of central Europe seems amenable only 
to radical surgery, whereas the usual type of single 
ulcer found in France, England, and America 
responds well in go per cent of the cases to less 
radical surgical procedures. That diet alone is 
probably of great importance in the development 
of gastroduodenal ulcer is indicated by Bergsma’s 
recent observations on the black people of Abys- 
sinia, in whom the incidence of peptic ulcer is 
very high and whose chief article of diet from the 
age of 2 years is sour bread with a sauce of 50 
per cent cayenne pepper! 


so seri ulcer following gastro-enterostomy 


INCIDENCE 


The number of cases of duodenal ulcer for which 
posterior gastro-enterostomy has been done at the 
Massachusetts General Hospital and in which 
jejunal ulcer has subsequently been proved at 
operation in this hospital is only 7. As there have 
been 732 gastro-enterostomies for duodenal ulcer 
in this hospital the incidence of proved jejunal 
ulcer is practically 1 per cent. It has not been 
possible, however, to trace all cases. There have 
been 14 cases of jejunal ulcer proved by opera- 
tion in this hospital in which the gastro-enter- 
vstomy was done at another hospital. To com- 
pensate for our untraced cases, these 14 may be 
added, making 21 cases of proved jejunal ulcer. 
li we still use 732 gastro-enterostomies as a basis, 
the incidence of jejunal ulcer is 2.9 per cent. If 15 
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more cases of probable jejunal ulcer, diagnosed 
clinically and by X-ray are added, the incidence 
of jejunal ulcer is nearly 5 per cent. The latter 
figure, however, is almost certainly too high for it 
includes unproved cases as well as cases in which 
the gastro-enterostomy was performed at another 
hospital. Taking the incidence of 2.9 per cent as 
most likely to be correct, we find it in close agree- 
ment with Balfour’s latest figure of 3.26 per cent. 


AGE 


The age incidence of course depends consider- 
ably on the age at the time of the gastro-enter- 
ostomy. The youngest patient in this series (Case 
1) was only 18 years of age at the time of gastro- 
enterostomy and only 21 at the time of recurrence 
of ulcer symptoms. At the age of 24 years a sec- 
ondary operation was done and jejunal ulcer 
demonstrated. The oldest patient (Case 3) was 
56 years old at the time of gastro-enterostomy; 5 
years later this patient required repair of a gas- 
trojejunocolic fistula. In general jejunal ulcer oc- 
curs during the middle period of life, the average 
age at the time of the secondary operation being 
43 in this series. According to Smyth gastro- 
jejunal ulcer has been reported in a baby 2 years 
old after gastro-enterostomy for pyloric stenosis 
and also in a patient of 81 years after gastro- 
enterostomy for ulcer. 


SEX 


Jejunal ulcer, like gastroduodenal ulcer, is 
largely a disease of men, only one woman being 
found in this series. Balfour reported 270 cases 
with only 22 women. That average gastric acidity 
is higher in the normal male than in the normal 
female has been shown by many observers and 
confirmed recently by Lerman, Pierce, and 
Brogan. This may be of significance in the high 
proportion of males having gastroduodenal and 
jejunal ulcer. 

ETIOLOGY 

Primary jejunal ulcer. Jejunal ulcer is for all 
practical purposes an artificial disease secondary 
to gastro-enterostomy. Richardson, however, 
was able to collect 1o cases of primary jejunal 
ulcer from a complete review of the literature, 
adding to the report 2 cases which occurred in the 
Massachusetts General Hospital. The etiology 
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of these rare primary jejunal ulcers is not 
known. 

Gastrojejunal ulcer. A distinction should be 
made in postoperative ulcer between gastrojejunal 
ulcer which occurs exactly at the line of suture, 
and jejunal ulcer which occurs a few centimeters 
away from the stoma, usually in the efferent loop. 
In the former it is the generally accepted belief 
that the use of non-absorbable suture material 
plays a major réle in the etiology. This point has 
been well established experimentally by Gron- 
nerud, who performed gastro-enterostomy on 
several hundred dogs, finding secondary gastro- 
jejunal ulcer common when silk sutures were 
used, but uncommon when absorbable sutures 
were used. Clinical experience substantiates 
these observations. 

Secondary jejunal ulcer. The etiology of post- 
operative jejunal ulcer, occurring a few centi- 
meters from the anastomosis, is not so clear. A 
number of theories will be discussed. 

Hyperacidity theory. Hyperacidity is probably 
the most important factor. Acid gastric juice 
impinging constantly on jejunal mucosa unac- 
customed to receive it might reasonably be ex- 
pected to cause trauma and to predispose to ulcer 
formation. In support of this theory are a num- 
ber of clinical and experimental observations: 

1. Jejunal ulcer is almost unknown after gastro- 
enterostomy for carcinoma of the stomach. Key, 
however, did report a case of jejunal ulcer after 
partial gastrectomy and anterior gastro-enter- 
ostomy for carcinoma. The gastric acidity was 
not studied in this case and may have been high 
after resection. Judd also mentioned a case which 
occurred at the Mayo Clinic after resection for 
cancer. No cases have been found in the litera- 
ture occurring after simple anterior or posterior 
gastro-enterostomy for carcinoma. This would 
seem to be of significance in view of the usual 
anacidity or hypoacidity in gastric cancer. It 
might be argued that such patients do not live 
long enough to develop jejunal ulcer, but they 
may survive 6 months or more after gastro- 
enterostomy, in which length of time it is possible 
to develop an anastomotic uicer. 

2. Jejunal ulcer is much more common after 
anterior gastro-enterostomy or after the Roux 
gastro-enterostomy en Y, than after posterior 
gastro-enterostomy (Montgomery, Gosset, Moy- 
nihan, Paterson). The explanation seems to be 
that in gastro-enterostomy by the anterior method 
a long jejunal loop is used, thus making the stoma 
a long way from the neutralizing effect of the alka- 
line duodenal contents. Furthermore, when an 
entero-enterostomy is also performed, as is usu- 
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ally the case in anterior gastro-enterostomy, the 
alkaline juices are likely never to reach the site 
of anastomosis at all. Likewise in the gastro- 
enterostomy en Y there is very little possibility of 
neutralization in the jejunum near the stoma. |) 
spite of the relative frequency of secondary je- 
junal ulceration after anterior gastro-enterostomy 
for ulcer, we have observed above that it is never 
seen after gastro-enterostomy for carcinom:, 
where the anterior operation is so common. 

3. Jejunal ulcer is very much more common 
after gastro-enterostomy for duodenal ulcer than 
after gastro-enterostomy for gastric ulcer. Bal- 
four in a study of 139 cases of jejunal ulcer occur- 
ring in cases in which the original gastro-entcr- 
ostomy had been done at the Mayo Clinic, found 
130 followed gastro-enterostomy for duodenal 
ulcer, and only 9 followed gastro-enterostomy {or 
gastric ulcer. In 381 cases of gastric ulcer opera iced 
on at the Massachusetts General Hospital since 
1908, jejunal ulcer has not been observed to fo!!ow 
gastro-enterostomy in any case. Many more 
cases of duodenal ulcer show hyperacidity than 
do cases of gastric ulcer, as has been shown by 
Kalk at von Bergman’s clinic and Hurst and 
Stewart in London hospitals. Quoting from 
Lindau and Wulff, Hurst and Stewart’s figures 
show hyperacidity in 61 per cent of cases of uo- 
denal ulcer and in 32 per cent of cases of gasiric 
ulcer; and Kalk’s figures indicate hyperacidity in 
75 per cent of cases of duodenal ulcer, and in only 
29 per cent of cases of gastric ulcer. 

4. Morton and Graham have reported the case 
of a patient who after cholecystectomy and drain- 
age of the common bile duct died suddenly 24 
days after operation of hemorrhage from a <uo- 
denal ulcer which had apparently formed as a 
result of stones impacted in both the common bile 
duct and the pancreatic duct with complete 
blockage of these secretions. As no ulcer was 
found at the time of the cholecystectomy, the 
conclusion is that it developed as a result of the 
failure of the alkaline secretions to enter the «uo- 
denum and neutralize the gastric juice. ‘Thus the 
neutralization of gastric acidity is shown to be of 
importance for the protection of duodenal «is well 
as jejunal mucosa. Holzweisser’s case, cited by 
Hauser, is very similar, eight erosions and ulcers 
of the jejunum occurring in a woman of 58 years 
with an obstructed ampulla. 

5. Jejunal ulcer is rare in women, there being 
only one case in this series and relatively Jew in 
the literature. Sherren has noted this and the 
lower gastric acidity in women, believing that 
this indicated the importance of hyperaci:ity in 
jejunal ulcer formation. 
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6. Experimentally in dogs, Mann and William- 
son, and later Morton, have anastomosed the 
jejunum directly with the stomach, shunting the 
duodenal secretions into the ileum—so called 
surgical duodenal drainage. When this is done, a 
typical peptic ulcer invariably develops in the 
jejunum close to the pylorus where the acid gas- 
tric juice impinges upon it. When the alkaline 
duodenal secretions are restored to this area the 
ulcer heals. 

7. Ivy and Fauley have shown, by performing 
surgical duodenal drainage in dogs and leaving an 
inch or so of duodenum attached to the pyloric 
end of the stomach, that ulcer always develops in 
the jejunal mucosa and not in the duodenal mu- 
cosa, although the latter is subjected to the same 
force of impinging gastric juice. This seems to 
indicate that, under the same conditions, jejunal 
mucosa itself is more susceptible to ulceration 
from the action of gastric juice than is duodenal 
mucosa. 

8. Elman and Hartmann, by continuous ex- 
ternal drainage of the pancreatic secretion in 
dogs, have shown that duodenal ulcers develop 
constantly under such conditions, indicating the 
importance of the pancreatic secretion in neu- 
tralizing the acidity of the gastric juice and pro- 
tecting the duodenal mucosa. 

g. Further evidence of the importance of the 
acidity of gastric juice in ulcer formation is 
brought forth by Lindau and Wulff, who call 
attention to ulcer of Meckel’s diverticulum in 
which gastric mucosa with fundus glands can be 
demonstrated, and in which the presence of free 
hydrochloric acid has proved to be a regular find- 
ing. These authors point out that peptic ulcer is 
found in the cesophagus, cardia, area of pyloric 
glands, duodenum, jejunum (postoperatively), 
and in Meckel’s diverticulum, and that in all these 
areas there is activity of hydrochloric acid, which 
they regard as of very great importance in 
etiology. 

10. Rivers and Wilbur have recently called 

attention to gastro-ileac ulcers following the un- 
fortunate surgical error of gastro-ileostomy when 
gastrojejunostomy was intended. They conclude 
that “clinical evidence is suggestive that the po- 
tentiality for the development of peptic lesions 
arises whenever and wherever any segment of in- 
testinal mucosa is exposed to the eroding action 
of the gastric chyme.”’ 
_ 11, Morton found by passing duodenal tubes 
In 23 patients with peptic ulcer that all showed 
iree hydrochloric acid in the duodenum, whereas 
13 persons without peptic ulcer did not show free 
hydrochloric acid in the duodenum. 
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12. Goldberg has recently called attention to 
experimental peptic ulcer formation in dogs in 
which a section of ileum has been used to form a 
permanent external fistula from a gastric pouch. 
The pure gastric juice acting on the mucosa of the 
ileum is apparently the important factor in ulcer 
formation in these animals. 

Theory of infectious origin. Another factor 
which may be of significance in jejunal ulcer for- 
mation is infection. It is impossible to evaluate 
its importance, but it is reasonable to state that 
no medical treatment of peptic ulcer is complete 
without attention to foci of infection such as 
teeth, tonsils, appendix, gall bladder, prostate, 
and cervix, to which Moynihan adds that in per- 
forming gastro-enterostomy a diseased appendix 
or gall bladder should be removed. In this con- 
nection I will quote Wilkie’s views on peptic ulcer: 
“The prevalence of dental infection is to my mind 
the most important single factor in determining 
the frequency of peptic ulcer. . . . In many of these 
cases we recover from the pyorrhoeal pockets the 
same streptococcus as we find in the ulcer. .. . The 
combination of an ulcer in the stomach or duo- 
denum or both with infection in both gall bladder 
and appendix is quite common. All these lesions 
must be dealt with if complete and lasting relief 
is to be obtained.” In this connection Wilkie 
cites a case of jejunal ulcer with associated in- 
flammation of the appendix and gall bladder. 
Streptococcus viridans was grown in pure culture 
from regional lymph glands from all three sites, 
and when this streptococcus was injected into 
rabbits both duodenal ulcer and cholecystitis 
were produced! 

Other factors in the etiology of gastrojejunal and 
jejunal ulcer are related (1) to general medical 
management, such as diet, smoking, use of alcohol, 
eic., or (2) to faulty surgical technique, such as the 
use of non-absorbable sutures, too small a stoma, 
badly placed stoma, or (3) to improper selection of 
cases. The importance of proper medical care 
after gastro-enterostomy is generally recognized, 
though it is difficult to know for how long a period 
a strict diet should be followed. Many patients 
after a few months on a careful regimen find that 
they can return to normal dietary habits without 
ill effect. Others have to be careful to avoid 
highly acid fruits, meat, and fried or rich foods, 
and of course some have to be still more careful to 
live on a very bland diet. Excessive use of to- 
bacco or alcohol should be avoided, though some 
patients tolerate them. Faulty surgical technique 
seems to be an obvious factor in etiology. Gastro- 
jejunal ulcer with small pieces of silk or linen su- 
ture material hanging from its center has been 


| 
n 
\ 
se 
24 
0- 
ile 
; 
yas 
he 
the * 
the 
ol 
we 
by 
cers 
ears 
w In 
the 
that 
ty in 
: 


Sex Date of 
Case No. | Age P.G.E. ; Total 
Identifica- jattime| Duration of | Obstruction by X-ray acidity** 


med. treat- 


SURGERY, GYNECOLOGY AND OBSTETRICS 


in 


Suture 
material used 


TABLE I.—SUMMARY OF PROVED JEJUNAL ULCER CASES 
Jejunal Ulcer Proved at Operation 


Type of operation 


Symptom-/r, 
tomy after P.G.E. 


Posterior Gastro-Enterostomy Done at Massachusetts General Hospital 


I M 1917 None 83 c.cm. 
18 years, 
doubtful 


Linen, chromic 
catgut 


P.G.E. with infolding 


3 YTS., 9m 


1928 None 72 c.cm, 


6 wks. 
204731 


Catgut 


P.G.E. for perforating 
duodenal ulcer; entero- 
enterostomy for mal- 
functioning P.G.E. 


Between ; ; 
mos, 


3 22 Not stated 
T.M.D., None 
250075 


Catgut 


obstruction 


P.G.E. for? carcinoma of 
pancreas to anticipate 


1919 None 64 c.cm, 
D.J.S. 5 mos. 


283303 


Deep: 


catgut 


chromic 


P.G.E. for perforation 


5 1Qts None 99 c.cm. 
*M.E., mos. 


2806095 


Linen, 


catgut 


chromic 


P.G.E. for perforation 


2 yrs. 


Yes, marked at the only] 70 c.cm. 
pre-operative examina- 


tion 


6 1917 
O.L.K., 


4 wks., 
318325 doubtful 


Linen, 


catgut | P.G.E.; 
folded 


ulcer not 


in- 


1909 


1913: no 6 hr. residue. | 130 c.cm. 
1916: medium 6 hr. 


residue 


7 1916 
W.R.E., None 
282299 


Plication of ulcer; P.G.E. 


yrs. 


Posterior Gastro-Enterostomy Done at Various Hospitals 


F 1923 
None 


Yes Not stated 
AES., 
312775 


gut, 


Chromic cat- 


layer silk 


P.G.E. 


outer 


1908 6 yrs. 


Not stated 


9 M 1913 Not stated 


L.J., 
310676 


Not stated 


No 


Not stated Not stated 


To 1913 
W.H.H., Not stated 


286432 


Not stated 


Not stated 


II Not stated 
L.W.Y., None 
300634 


Not stated 


1924: P.G.E., 


1927: Pylorectomy 


2 yrs., 1 


1927 7° c.cm, 


5 yrs. 


12 
2 
206907 


Not stated 


Posterior Pélya 


days 


Not stated Not stated 


1927 


I yr., 
doubtful 


Not 


stated P.G.E. 


2 wks. 


IQII Not stated Not stated 


9 
Not stated 


Not 


stated 
method 


P.G.E., short loop, Mayo 


Not stated 


Not stated 


15 1919 Not stated 
*W.H.S., None 


280100 


P.G.E Posterior gastro- enterostomy. 


In practically all cases for the past 5 or 6 years, histamine has been used. 
***Reported by courtesy of Dr. A. W. Allen 


Not stated 


( “Cases I, 5, 15, 17, and 20 have been previously reported by Davis, Lincoln—Surg., Gynec. & Obst., 1927, liv, 
**The total acidity is given in c.cm. of 0.1 normal sodium hy droxide 1 hour after test meal. 


P.G.E., no ulcer found 


204. 


In all cases prior to 1926, histamine wa 


1907 


used 
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Recurrent symptoms 


BENEDICT: JEJUNAL ULCER 


TABLE I—SUMMARY OF PROVED JEJUNAL ULCER CASES 
Jejunal Ulcer Proved at Operation 


X-ray 


suggestive of Total 


: Type of operation for 
tion for 
acidity** 
jejunal ulcer 


jejunal ulcer jejunal ulcer 


Result 


Pain in epigastrium; melena Showed con- | Not stated 


tracted stoma 


(1) Excision. (2) P.G.E. undone 


(1) Not relieved. (2) Several 
hemorrhages from duodenal 
ulcer. Symptom-free past 38 
yrs.on milk diet only 


Hematemesis; melena; pain to} Yes Not stated 
left of umbilicus 


P.G.E. and entero-enterostomy 
undone 


Fairly well on medical treat- 
ment past 2 yrs. Seen: 2-9-32 


Melena; distress after meals;| Yes; gastro- 
pain in epigastrium, diffuse, jejunocolic 
reaching to umbilicus 


Hematemesis; melena; pain in| Yes 


fistula 


Closure of gastrojejunocolic fis- 
tula and G.E, with excision of 
jejunal ulcer 


Died 13 days after operation— 


peritonitis 


region 


midepigastrium occasionally 
radiating to left inguinal 


104 ¢.cm. 


Subtotal gastrectomy, Shoe- 
maker method 


Doubtful improvement. Died 


18 mos. after operation, after 
amputation both legs for 
arteriosclerotic gangrene; also 
had tertiary syphilis and 
tabes 


Hamatemesis; melena; epigas-| Yes Not stated 
tric pain 


Excision of gastrojejunal ulcer; 
resection of stomach; Pélya 
anastomosis 


Feeling very well and eating 


almost everything. Seen: 


Asthenia; diarrhoea; melena 


Yes, gastro- 
jejunocolic 
fistula 


Undoing of P.G.E., closure of 
fistula 


Gaining weight and doing well 


-22- 


-22-32. Needs further oper- 
ation 6-32 


margin 


Anorexia; melena; vomiting;| Yes 
dull pain under right costal 


67 c.cm. 


Separation of G.E.; pylorec- 
tomy, Pélya method; 2-5 of 
stomach removed 


Epigastric 


Posterior Gastro-Enterostomy Done at Various Hospitals 


before] Yes 
.G.E.; most receat abdom- 
inal pain at left, 


steady; 
hematemesis; melena 


72 c.cm, 


Gastric resection; _ posterior 
Pélya anastomosis 


Patient writes that he is unre- 


lieved. Has pain relieved by 
hot milk, nausea, vomiting, 
and gas 3-29-32 


Relieved, gaining weight 


7-16-31 


Pain at umbilicus, radiating] Yes 
down toward pubis; asthenia 


10-28-31: 
52 ¢.cm. 


10-9-31: O.; 


P.G.E. undone; Heineke-Miku- 
licz pyloroplasty 


Vomiting; 


in Lu.q.; 


ain in l.u.q., over} Yes, gastro- 50 c.cm. 
most of lett abdomen; ‘‘lump”’| colic fistula 
i diarrhcea; loss of 
weight and weakness 


Subtotal resection of stomach; 
anterior Pélya; resection of 
transverse colon and end-to- 
end anastomosis 


Pain similar to that before] No 
P.G.E., starting in epigastri- 
um, spreading to loins and 
chest; hematemesis; melena 


94 ¢c.cm. 


Resection of stomach; gastro- 
jejunostomy (Pélya) 


Lower abdominal pain; hem- 
atemesis; melena 


No X-ray Not stated 
taken 


Anterior Pélya resection 
and entero-enterostomy 


Resection of jejunum.} Symptom-free on 5 


Feeling well 4 mos. after opera- 
tion. Vomiting, hematemesis. 
GastroduodenostomyFeb.1933 


Died 1930, cause unknown 


Feeling well and eats almost 
everything. Seen: 3-1-32 


5-meal bland 


diet. Seen: 2-17-31 


Pain in lu.q., radiating to] Yes 
lower quadrants and 
umbilicus and lower epigas- 
trium; melena 


I-4-29: 


back, 16 c.cm.; 


3-21-30: 
65 c.cm. 


Resection of jejunum with ulcer; 
anastomosis of jejunum; P. 
G.E. 


Died 6 days after operation of 
general peritonitis and hem- 
orrhage into stomach 


Hematemesis; melena; epigas-| Yes 
tric pain; gas and burning 
after meals 


Diarrhea and vomiting; no 


11-26-14: 
61 c.cm.; 
II-14-16: 
28 c.cm. 


Excision of gastrojejunal ulcer 


Return of symptoms to mos. 
postoperative; weakness and 
anemia. Ir yrs. later, ? 
malignancy of liver 


Pain 


*Cases 1 
The ti 
In practical 


P.G.E. Posterior gastro-enterostomy. 
» 5, 15, 17, and 20 have been previously reported by Davis, Lincolnh—Surg., Gynec. & Obst., 1927, liv, 204. 
ven in c.cm. of 0.1 normal sodium hydroxide 1 hour after test meal. In all cases prior to 1926, histamine was not used. 


Bd y all cases for the past 5 or 6 years, histamine has been used. 
Reported by courtesy of Dr. A. W. Allen. 


tal acidity is gi 


Gastrocolic go ¢c.cm, 
stula 


vloric third of stomach; 
Pélya anastomosis of stomach 


and jejunum; colostomy 


Repair of colic fistula; closure} Very 
of jejunal stoma; resection of} 3-15-32 


satisfactory. Seen: 


: 
: 5 
811 
4 
Posterior Gastro-Enterostomy Done at Massachusetts General Hospital ili weer 
(1) 3-17-23; | 
(2) 11-1-23 
1926 
1931 
1927 
| 
| 
(2) 7-27-20 
1930 
T1915, 
| | | 
used. 
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TABLE I.—SUMMARY OF PROVED JEJUNAL ULCER CASES—Continued 
Jejunal Ulcer Proved at Operation 


Sex Date of | 


Suture Appen- Symptom-free 


Identifica- jattime) Duration o struction by X-ray material use: ‘ype of operation ec- 

of acidity** in P.G.E. tomy after P.G.b. 
G.E.) ment 


Posterior Gastro-Enterostomy Done at Various Hospitals 


1912 Not stated Not stated 


None 


Linen P.G.E. No Never symp- 
tom-free 


M 1922 Not stated Not stated 


None 


Not stated Excision of ulcer; P.G.E.| 1917 6 mos. 


M 1930 Yes Not stated 


P.G.E.; entero-enteros-| Yes 2 yrs. 


Not stated 
tomy; appendectomy 


18 
AS., 53 Not stated 
B.M.6920 
19 M 1918 Not stated Not stated Not stated G.E. No 2 yrs. j 
3 wks. 


1914 Yes Not stated 
Not stated 


Linen G.E. for ? Carcinoma of} No 6 yrs., 9 mee. ‘ 


stomach 


Not stated 


Not stated 


1925 
Not stated 


Not stated 


P.G.E. Posterior gastro-enterostomy. 


*Cases I, 5, 15, 17, and 20 have been previously reported by Davis, Lincoln—Surg., Gynec. & Obst., 1927, liv, 204. 
**The total acidity is given in c.cm. of 0.1 normal sodium hydroxide 1 hour after test meal. In all cases prior to 1926, histamine was not used. 


In practically all cases for the past 5 or 6 years, histamine has been used. 


***Reported by courtesy of Dr. A. W. Allen. 


repeatedly reported. That trouble may follow 
too small a stoma is also evident, though it is not 

always possible to say whether a small stoma has 

led to ulcer formation or whether an ulcer has 

formed first, leading to contraction of the stoma. 

In one of the cases in this series (Case 9) a high 

stoma with jejunal ulcer was found, and yet this 
patient had been well for 18 years after gastro- 

enterostomy! It seems likely that factors other 
than the poorly placed stoma must have been at 
work in this case to bring about a recurrence 18 
years later. Regarding the proper selection of 
cases for gastro-enterostomy, it is well known 
that the poorest results follow this operation when 
it is performed in cases in which the diagnosis is 
not positively established, or in which insufficient 
medical treatment has been followed. 

A study of the 36 cases tabulated in this series 
brings out the importance of the various etio- 
logical factors mentioned. The lack of sufficient 
medical treatment before operation is an out- 
standing feature in almost every case. Of course, 

the three (Cases 2, 4, and 5) that perforated after 


only a short period of medical treatment required 
immediate operation but should not have been 
subjected to gastro-enterostomy at that time, 
particularly as in addition to their very short 
dietary regimen both showed hyperacidity and no 
pyloric obstruction by X-ray. In such cases sim- 
ple suture of the perforation should be sufficient, 
with gastro-enterostomy later if indicated. Next 
in importance would appear to be pre-operative 
hyperacidity, almost all the cases ranging in the 
upper limits of normal or definitely higher. Wilkie 
considers hyperacidity of such great importance 
in jejunal ulcer formation that in such cases he 
performs gastroduodenostomy rather than gastro- 
jejunostomy. Secondary ulceration after gastro- 
duodenostomy occurs very rarely if at all, the 
stoma being placed near the ampulla oi Vater, 
where the acid is quickly neutralized by the pan- 
creatic juice. The postoperative gastric acidity, 
in the presence of jejunal ulcer, appears to be a 
very variable quantity, depending probably on 
the neutralization at any given moment ly duo- 
denal secretions entering through the stoma. In 
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BENEDICT: JEJUNAL ULCER 


TABLE I—SUMMARY OF PROVED JEJUNAL ULCER CASES—Continued 
Jejunal Ulcer Proved at Operation 


X-ray Date of 
Recurrent symptoms suggestive of onan operation for Type bee pr aig for Result 
jejunal ulcer y jejunal ulcer since 
Posterior Gastro-Enterostomy Done at Various Hospitals 
Epigastric pain; nausea; vomit-| No Not stated 1916 Separation of P.G.E.; resection} Died 3 weeks after operation 
ing: gas and sour eructations of jejunum; linen suture found| with discharging wound and 
in jejunal ulcer pulmonary complications 
Epigastric pain 2-3 hr. after] Yes. Stoma 35 c.cm. 1924 Undoing of old P.G.E.; excision} Symptoms returned 3. wks. 
meals, relieved by food and] closed of jejunal ulcer after operation; re-entry 8 
soda; vomiting; loss of weight mos. later with operation for 
recurrent duodenal ulcer: par- 
tial gastrectomy and P.G.F. 
Pain in epigastrium radiating] No report Not stated 1932 Suture of perforated ulcer of| Good postoperative convales- 
to whole abdomen; nausea jejunum cence, 7-8-32 
and vomiting 
Pain in lower abdomen at night] Yes 55 c.cm. 1923 Closure of G.E.; excision of| Symptom-free 3 mos. after op- 
and 3-4 hours after meals, gastrojejunal ulcer; gastro-| eration, then recurrence of 
relieved by food and vomit- duodenostomy epigastric pain and vomiting, 
ing; pain at umbilicus 2-5 hrs. treated in hospital 12 days, 
after evening meal diagnosed probably recur- 
rence of original ulcer, medical 
treatment advised 
Epigastric pain on right, no} Yes. Stoma 50 c.cm. 1921 Closure of subacute perforation| Feeling pretty well, but some 
definite relation to meals, re-|_ closed of duodenal ulcer; renewal of| upper abdominal pain every 
lieved by soda, heat, or old G.E. for gastrojejunal| 2-3 weeks, relieved by soda; 
vomiting; gas; anorexia ulcer can eat any food. Seen: 
1-19-32 
Pain over pubis, radiating to} Gastrocolic 45 c.cm. 1932 Excisionof ulcer; lysisof P.G.E.;| Discharged from hospital o.k., 
back; later pain in upper left] fistula suture of colon, stomach, and| 7-7-32. No further follow-up 
abdomen, non-radiating; dis- intestines 
tention; relieved by food; 
diarrhaa 


P.G.E. Posterior gastro-enterostomy. 
*Cases I, 5, 15, 17, an 


***Reported by courtesy of Dr. A. W. Allen. 


any case the gastric acidity is usually lowered by 
gastro-enterostomy, but there seems to be no 
definite relationship between postoperative acid- 
ity. and jejunal ulcer. The relationship of the 
appendix to jejunal ulcer formation is not proved, 
but it may be significant that in most of the 
jejunal ulcer cases the appendix had not been 
removed. Eleven of the cases showed no pyloric 
obstruction by X-ray and although we know that 
many gastro-enterostomies are entirely successful 
even in the absence of such obstruction we feel 
that the most successful cases are usually those 
with obstruction. Five cases (6, 7, 8, 18, 20), 
however, showing obstruction by X-ray examina- 
tion subsequently developed jejunal ulcers. Hence 
itis evident that gastro-enterostomy, even when 
performed to relieve obstruction, may result in 
jejunal ulcer formation. Furthermore, obstruc- 
tion revealed by the X-ray is inconclusive unless 
shown at repeated examinations and confirmed 
by the clinical picture. Unabsorbable suture ma- 
terial was known to have been used in this series 
in only 6 of the operated upon jejunal ulcer cases 


20 have been previously reported by Davis, Lincoln—Surg., Gynec. & Obst., 1927, liv, 
**The total acidity is given in c.cm. of 0.1 normal sodium hydroxide 1 hour after test meal. 
In practically all cases for the past 5 or 6 years, histamine has been used. 


204. 
In all cases prior to 1926, histamine was not used. 


(1, 5, 6, 8, 16, 20) (sometimes only for the serous 
layer); in 1 case (16) the linen suture was found 
at the operation for jejunal ulcer. It is probably 
a factor of importance when used for the mucosal 
stitch. Six patients (Cases 1, 2, 10, 12, 17, 32) in 
this series were only 25 years of age or younger, at 
the time of their first operation. But in addition 
to their youth only one of these (Case 12) had 
had adequate medical treatment and 3 (or all 
those examined) showed marked hyperacidity, so 
that it is impossible to say that youth is a factor 
in the etiology of jejunal ulcer. In general, how- 
ever, it may be said that a youthful patient fre- 
quently has not had time for prolonged medical 
treatment, is likely to have hyperacidity, and is 
therefore likely to be a poor subject for gastro- 
enterostomy. In one case in this series (Case 3) 
gastro-enterostomy was performed to anticipate 
possible obstruction from a suspected carcinoma of 
the pancreas. The subsequent development of 
jejunal ulcer in this case emphasizes the impor- 
tance of not performing gastro-enterostomy ex- 
cept for very definite indications. Moynihan 
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*The total acidity is given in c.cm. of 0.1 normal sodium hydroxide 1 hour after test meal. In all casi 


es prior to 1926, histamine was not used. In practically all cases for the past 5 or 6 years 


histamine has been used. 
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believes that nine out of ten failures after gastro- 
enterostomy are the result of the operation hav- 
ing been performed in the absence of any organic 
lesion justifying it. 


SYMPTOMS 


The symptoms of jejunal ulcer are chietly pain, 
hematemesis, and melena. The pain is frequently 
described as similar to that of the original ulcer 
but is usually somewhat lower down and to the 
left of the umbilicus, not infrequently radiating 
to the left groin and sometimes generalized to the 
lower abdomen. This low abdominal] pain may be 
evidence of adhesions to the colon, though after a 
colonic fistula is established pain may not be a 
prominent symptom. The pain of jejunal ulcer is 
less likely to be controlled by soda or dietary 
measures than is the pain of gastric or duodenal 
ulcer. This may be due to the fact that the stom- 
ach empties so rapidly through the stoma that 
food remains in contact with the ulcer only a very 
short time. Hamatemesis and melena are very 
constant symptoms, one or both being present in 
almost all our cases, though no fatal hemorrhage 
occurred. Perforation into the general peritoneal 
cavity may occur, as happened in one case in this 
series (Case 18) after posterior gastro-enterostomy 
and entero-enterostomy; of much more common 
occurrence is perforation into the colon, which 
occurred five times in this series or an incidence 
of 13.9 per cent. 

The diagnosis depends largely on the history of 
gastro-enterostomy with subsequent symptoms as 
outlined and the X-ray findings. Camp has 
stated recently that “in the last two years a posi- 
tive roentgenologic diagnosis of gastrojejunal 
ulcer has been confirmed by the surgeon in go per 
cent of cases, as compared with 74 per cent ten 
years ago.”’ He bases the X-ray diagnosis on 
“(r) the presence of an ulcer niche (which he be 
lieves can be seen in about 60 per cent of cases); 
(2) persistent deformity of the stomach, stoma, or 
jejunum; (3) the presence of a gastrojejunocolic 
fistula; and (4) closure of the stoma.’”? Camp has 
observed jejunal ulcer as far as 15 centimeters 
from the anastomosis. Of 19 cases of proved gas- 
trojejunal or jejunal ulcers in the Massachusetts 
General Hospital in which an X-ray examination 
was made the X-ray picture was suggestive in 17 
cases, or 89.5 per cent. Of the 2 cases missed by 
the roentgenologist one (Case 16) was in 1916 
when roentgen diagnosis was less accurate than 
it is now and the other (Case 11) was obscured by 
a pylorectomy. It thus seems evident that con- 
siderable reliance may be placed on an experienced 
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roentgenologist in the diagnosis of gastrojejunal 
or jejunal ulcer. 
COURSE 

The course of the disease is chronic with re- 
lapses and remissions. Patients may be carried 
along comfortably for long periods of time on 
careful medical management but it is doubtful if 
they are ever permanently cured. There are 
almost always periods when rest in bed is essen- 
tial because of pain or hemorrhage. A study of 
the results of the 15 cases treated medically in 
this hospital indicates that some are doing fairly 
well on a careful medical regimen, but that very 
few are symptom free. All have had severe enough 
symptoms to necessitate hospitalization and in 
several operation has been advised but not per- 
formed. Perforation into the colon is a serious 
and not infrequent complication. A gastro- 
jejunocolic fistula had occurred in 5 (Cases 3, 6, 
10, 15, 21) of the 21 cases in the Massachusetts 
General Hospital which came to operation, or an 
incidence of 23.8 per cent in the operated cases. 
Adding the cases of probable jejunal ulcer treated 
medically, the incidence of gastrojejunocolic fis- 
tula is 13.9 per cent in this hospital. This figure 
is somewhat higher than that found in the litera- 
ture, the Mayo Clinic figure being 11.36 per cent. 
The diagnosis of such a fistula is usually easy, for, 
in addition to the history of gastro-enterostomy 
and probably of recurrent ulcer, there is likely to 
be loss of weight and diarrhoea with grossly un- 
digested food in the stools, and the X-ray exami- 
nation is almost sure to show filling of the stomach 
by barium enema. 
TREATMENT 

With the course and complications of this arti- 
ficial disease thus outlined it would seem reason- 
able that, when the diagnosis is definitely estab- 
lished, surgery should be the treatment of choice. 
Each case, however, presents an individual prob- 
lem, and, in general, medical treatment should be 
given a fair trial and may be reasonably successful 
in some cases for varying periods of time. Sub- 
jective symptoms, economic disability, danger of 
hemorrhage or perforation are very strong argu- 
ments in favor of surgery. The disease is an 
artificial one produced by surgical interference 
and presenting very definite pathology. If a com- 
petent surgeon is available why should such a 
disease be allowed to continue uncured? Balfour 
says, “The treatment of gastrojejunal ulcer is 
surgical.... Experience emphatically teaches 
that when the symptoms are those of recurring 
ulceration, when the roentgenogram is positive, 
and when relief of symptoms cannot be promptly 
attained and maintained by medical treatment, 


early operation is the safest and most satisfactory 
method of management.” 

The surgical treatment of jejunal ulcer. Plastic 
operations at the stoma have been generally aban- 
doned as ineffective. Under this heading is in- 
cluded simple excision of the ulcer with or without 
enlargement of the stoma, a change in location of 
the stoma, or the substitution of an anterior for a 
posterior anastomosis. All the factors which pre- 
disposed to the formation of the original jejunal 
ulcer are still present and such procedures usully 
result in the development of a new ulcer at the 
stoma or in the jejunum. Three of our cases 
(1, 13, 14) fall into this group and in none were 
the results satisfactory, as one required further 
operation 8 months later, one died 6 days aiter 
operation of peritonitis and hemorrhage, ani the 
other suffered a recurrence of symptoms 10 
months after operation. 

Resection of the stomach is of course a more 
formidable procedure but, if sufficient stomach is 
removed, is followed by good results in many 
cases. The stoma must be included in the resected 
portion and also a fairly large section of the stom- 
ach; otherwise we have left a big stomach with 
the pylorus excluded as in the von Eiselsberg 
operation, which is known to be followed by a 
high percentage of jejunal ulcers (C. H. Mayo, 
Leriche, Fohl, Montgomery, Wright, Lahey and 
Jordan, de Takats and Mann, von Haberer). A 
similar anatomical arrangement exists aiter 
pylorectomy. In three pylorectomies in this series 
(Cases 11, 27, 34) jejunal ulcer has developed. 
However, resection of a large portion of the stom- 
ach is not by any means a sure preventive of je- 
junal ulcer, for jejunal ulcer following partial gas- 
trectomy has occurred in 2 cases in this series 

(12 and 25) and has been reported by Balfour, 
Starlinger, von Haberer, Gosset, Leriche, Strauss, 
and others. Resection was done in 8 of our 17 
cases operated on for jejunal ulcer with good 
results in 5 (Cases 5, 8, 11, 12, 15), poor results 
in one (Case 7), and doubtful or unknown 
results in 2 (Cases 4 and 10). It is possille that 
the failure in Case 7 can be attributed to the 
removal of insufficient stomach. With no mor- 
tality in these 8 cases and 5 good results, subtotal 
gastric resection must be seriously considered in 
the treatment of jejunal ulcer. It is, however, a 
serious operation, and, should it fail, ‘urther 
operative procedures are practically out of the 
question. 

Fortunately there are other procedures open to 
us in the surgical treatment of jejunal ulcer, such 
as undoing the anastomosis with or without some 
form of pyloroplasty or gastroduodenostomy. 
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Jejunal ulcer is clearly the result of the original 
operative procedure. Therefore what could be 
more logical than the undoing of that procedure? 
The objection is at once raised that if this alone 
is done there may be further trouble from the 
original duodenal ulcer. It has already been 
pointed out, however, that many of these cases 
never had adequate medical treatment in the 
first place, and it is not at all unlikely that in 
such cases medical treatment after undoing the 
gastro-enterostomy may control the situation. 
Cases 1 and 2 are examples of simply undoing the 
anastomosis and returning the gastro-intestinal 
tract to its normal state. Both of these patients 
are getting on fairly well now on medical treat- 
ment, one of them, however, being limited to a 
diet of almost nothing but milk. If, however, 
medical treatment has been given a thorough trial 
before the operation and there has been definite 
evidence of pyloric obstruction, it is well, in addi- 
tion to undoing the anastomosis and excising the 
ulcer, to do some type of gastroduodenostomy 
or pyloroplasty. There is very good authority 
for such procedures. Wilkie and also Cannon 
have stressed the fact that some form of anasto- 
mosis between the stomach and duodenum is 
more physiological than gastrojejunostomy. If 
stricture or ulceration near the pylorus persist, 
Richardson has suggested that resection of the 
anastomosis followed by gastroduodenostomy 
would seem to be the ideal procedure. In discuss- 
ing indications for gastroduodenostomy Balfour 
has included failure of posterior gastro-enteros- 
tomy due to jejunal ulcer, where he says the 
gastro-enterostomy should be undone and gastro- 
duodenostomy performed. Judd has also sub- 
scribed to undoing the gastroenterostomy, excis- 
ing the jejunal ulcer and performing a plastic 
operation on the pylorus if it seems best. Gosset 
believes closure of the gastro-enterostomy alone 
is inadequate and should be combined with a 
plastic operation on the duodenum according to 
Judd’s method, which Gosset considers the best. 
Von Haberer, according to Best, considers the 
Billroth No. I the operation of choice because it 
is the most physiologic-anatomic. In a paper on 
jejunal ulcer Terry concludes that, “in view of 
the very few reported cases of ulcer of the duo- 
denum following pyloroplasty or gastroduo- 
denostomy, it would seem wise to employ these 
operations in suitable cases.” W. J. Mayo, dis- 
cussing Terry’s paper, said they treated gastro- 
Je)unal ulcer by cutting off the gastrojejunostomy 
and doing a Finney pyloroplasty. Wright has 
likewise concluded that, “when secondary ulcers 
have formed it is best to cut off the gastro- 


enterostomy and restore the natural channel if 
necessary by a plastic operation.” Under such 
circumstances he mentions the usefulness of gas- 
troduodenostomy and the Finney operation. In 
discussing 3 cases of jejunal ulcer following partial 
gastrectomy (reported by Down), Balfour sums 
up the present trend toward more physiological 
operative procedures on the stomach as follows: 
“The surgical treatment of jejunal ulcer is not 
difficult if the operation is carried out as soon as 
the diagnosis is made... . Since we have seen a 
number of cases in which jejunal ulcers have 
recurred after repeated gastric resections, it 
seemed reasonable ... to reunite the stomach to 
the duodenum rather than to continue with resec- 
tions similar to those done previously. . . . I look 
on the procedure as having the great advantage 
of giving an opportunity for a normal alkali-acid 
balance to be maintained. . . .” When many of the 
leading gastric surgeons of the world thus express 
themselves as in favor of some form of physio- 
logic anastomosis between the stomach and duo- 
denum it seems surprising that such operations 
are not more common. 

The treatment of gastrojejunocolic fistula is sur- 
gical. As there is likely to be soiling of the peri- 
toneum where the fistula is undone, the procedure 
should be as simple as possible and usually con- 
sists in repairing the fistulous opening and un- 
doing the anastomosis, restoring the gastro- 
intestinal tract to normal. If this alone is not 
successful, pyloroplasty, gastroduodenostomy, or 
resection may be done later. In debilitated pa- 
tients, feeding by jejunostomy may be useful in 
preparing them for operation. Simple repair of 
the fistula and undoing of the anastomosis was 
done in 3 of our cases (3, 6, 21); 1 patient died 
of peritonitis 13 days after operation; the 2 others 
are both recent cases, but it already seems likely 
that one of them will require further operation 
because of obstructive symptoms similar to those 
he had before his gastro-enterostomy. It is thus 
evident that gastrojejunocolic fistula is a very seri- 
ous condition and as it occurs in from 10 to 15 per 
cent of all jejunal ulcer cases, it presents a strong 
additional argument for early_surgery in treating 
jejunal ulcer. 

CONCLUSIONS 

The incidence of jejunal ulcer proved by opera- 
tion at the Massachusetts General Hospital is 
approximately 2.9 per cent. 

Jejunal ulcer is very rare after gastro-enteros- 
tomy for gastric ulcer and probably never occurs 
after gastro-enterostomy for gastric cancer. 

The disease is due largely to an improper selec- 
tion of cases for gastro-enterostomy. 
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Patients likely to develop jejunal ulcer after gas- 
tro-enterostomy are (1) those on whom the opera- 
tion is performed in the absence of any organic 
lesion justifying it; (2) those for whom there has 
been inadequate pre-operative medical treatment; 
(3) those in whom the pre-operative gastric 
acidity is high. 

Gastrojejunal ulcer should be distinguished 
from jejunal ulcer, the occurrence of the former 
being attributable in some cases to the use of non- 
absorbable suture material. 

The diagnosis of gastrojejunal or jejunal ulcer 
is usually not difficult; much weight can be put on 
the opinion of an experienced roentgenologist. 

Hemorrhage is common but seldom fatal. 

Perforation into the general peritoneal cavity 
is rare, but perforation into the colon occurs in 10 
to 15 per cent of the cases. 

Unless prompt and permanent relief is obtained 
by medical management, the treatment of je- 
junal ulcer is surgical. 

In the surgery of jejunal ulcer the least for- 
midable and most physiological procedures should 
be tried first, e.g., (1) Simple undoing of the 
anastomosis, especially in cases where the original 
operation does not appear to have been justified. 
(2) Undoing of the anastomosis with some form of 
pyloroplasty or gastroduodenostomy. If these 
fail there still remains the possibility of (3) sub- 
total gastric resection, the fact being kept in 
mind that jejunal ulcer may occur after even 
fairly large portions of the stomach have been 
removed. 


BIBLIOGRAPHY 


1. BALrour, D. C. Gastroduodenostomy: its indications 
and technic. Ann. Surg., 1918, Ixvii, 80. 

2. Idem. The management of recurrent ulcer following 

partial gastrectomy. Ann. Surg., 1929, xc, 535. 

Idem. The occurrence and management of gastro- 

jejunal ulcer. Ann. Surg., 1926, Ixxxiv, 271. 

4. Idem. Results of gastroenterostomy. Ann. Surg., 
1930, xcii, 558. 

. Berc, A. A. Mortality and late results of subtotal 
gastrectomy for radical cure of gastric and duodenal 
ulcers. Ann. Surg., 1930, XCii, 340. 

6. Brerosma, S. Gastric and duodenal ulcer in the black 

people of Abyssinia. Arch. Int. Med., 1931, xlvii, 


144. 

>. Best, R. R. Von Haberer’s technic for radical stom- 
ach resection following previous gastroenterostomy. 
Ann. Surg., 1931, XCiv, 233. 

8. Camp, J. D. Further observations on the direct roent- 
genologic signs of gastrojejunal and jejunal ulcer. 
Radiology, 1930, xv, 274. 

9. CANNON, W. B., and BLAKE, J. B. Gastroenterostomy 
and pyloroplasty. An experimental study by means 
of the Roentgen rays. Ann. Surg., 1905, xli, 686. 

io. Down, H. I. Reconstruction of gastrointestinal con- 

tinuity by the Billroth I operation for jejunal ulcer 


Il. 


AND OBSTETRICS 


following partial gastrectomy. Proc. Staff Meet, 

Mayo Clin., 1931, vi, 205. 

ELMAN, R., and HARTMANN, A. F. Spontaneous jep- 
tic ulcers of duodenum after continued loss of total 
pancreatic juice. Arch. Surg., 1931, xxiii, 1030. 

Fou, T. Diagnosis and treatment of postoperative 
peptic ulcer of jejunum. Muenchen. med. Wehnschr., 
1930, Ixxvii, 2175. 

GopBERG, S. L. A method of producing peptic ulcer 
experimentally. Ann. Surg., 1932, xcvi, 155. 

Gosset, A. The treatment of postoperative peptic 
ulcer. J. de Chir., 1931, xxxviii, 491. 

Idem. Peptic ulcer of the jejunum after ¢astro- 


enterostomy. Rev. de Chir., 1906, xxxiii, 54. 


. GRONNERUD, PauL. Etiological relations of se:juclae 


to gastro-enterostomy. Ann. Surg., 1917, Ixvi, 177. 


. VON Haperer, H. Failure of resection to achic\e de- 


sired results. Zentralbl. f. Chir., 1930, lvii, ¢ 


. Idem. Gastric, duodenal and peptic ulcers. Deutsche 


Ztschr. f. Chir., 1922, clxxii, 1. 


. Hauser. Handb. d. spez. Path. Anat. Ilenke- 


Lubarsch, 1926, iv. 


. Hurst and Stewart. Gastric and Duodena! Ulcer, 


London: Oxford Medical Publication, 1920. 


. Ivy, A. C., and FAautey, G. B. Factors concerned in 


determining the chronicity of ulcers in the stomach 
and upper intestine. Am. J. Surg., 1931, xi, 531. 


. Jupp, E. S. Jejunal ulcer. Surg., Gynec. & Obst., 


1921, XXxili, 120. 


. Katkx. Magen- und Duodenalgeschurier. Neuer 


Deutsche Klin., 1930, vi. 


. Key, Eryar. Bidrag till den Kirurgiska Behanclingen 


af Ulcus Ventriculi. Stockholm, 1907. 


. Laney, F. H., and Jorpan, S. M. Gastrojejuna! ulcers 


and gastrojejunocolic fistulae. Ann. Surg., 1928, 
Ixxxvii, 231. 


. Lericue, R. The pathogenesis of postoperative peptic 


ulcer. J. de Chir., 1931, xxxviii, 465. 


. Lerman, J., Prerce, F. D., and Brocay, A. J. Gastric 


acidity in normal individuals. J. Clin. Invest, 
1932, xi, 155. 


. Lewrsoun, R. The frequency of gastrojejunal ulcers. 


Surg., Gynec. & Obst., 1925, xl, 70. 


. Lrypau, A., and Wutrr, H. The peptic genesis of gas- 


tric and duodenal ulcer. Surg., Gynec. & Obst, 
1931, liii, 621. 


. Mann, F. C., and Witzramson, C. S. The experi- 
mental production of peptic ulcer. .\nn. Surg, 
1923, Ixxvli, 409. 

. Mayo, C. H. Gastric and duodenal ulcers. Ann. 


Surg., 1921, Ixxili, 328. 


. Montcomery, A. H. Gastro-jejunal ulcer: an experi- 


mental study. Arch. Surg., 1923, vi, 13° 


. Morton, C. B. Observations on peptic ulccr. Ann. 


Surg., 1927, Ixxxv, 207. 
Idem. Observations on peptic ulcer. Am. J. Med. Sc, 


1920, clxxvii, 65. 

Morton, C. B., and Granam, J. B. Obsery itions on 
peptic ulcer. VII. Clinical corroboration «i exper! 
mental data. Ann. Surg., 1930, xci, 73. 


Moyninan, B. Disappointments after sustroen 
terostomy. Brit. M. J., 1919, ii, 33. 
PateRsSON, H. J. Jejunal and gastrojejuna! ulcer fol- 


lowing gastrojejunostomy. Ann. Surg., 1000, |, 397: 

Ricuarpson, E. P. Jejunal ulcer withou! previous 
gastroenterostomy. Surg., Gynec. & 192% 
XXXV, I 


Rivers, A. B., and WiLsur, D. L. The syndromes of 
gastro-ileostomy and gastro-ileac ulcer. 
Gynec. & Obst., 1932, liv, 937. 


= 
: 
? 
| 
a 
14. 
17 
_ 
19 
os 
3 
24 Pp 
31 
3 
36. 
3 
30. 
> 


BENEDICT: JEJUNAL ULCER 


SHERREN, J. Diseases of the stomach and their sur- 
gical treatment. Lancet, 1925, i, 478. 

SuyrH, M. J. Gastrojejunal ulcer. Irish J. M. Sc., 
1931, Ixx, 553. 

STARLINGER, F. More cases of recurrent ulcer follow- 
ing extensive gastric resection. Wien. klin. 
Wchnschr., 1929, xi, 905. 

SYARLINGER, F. Recurrence of ulcer after resection of 
stomach. Arch. f. klin. Chir., 1930, clxii, 564. 

Srrauss, A. A., Bock, L., and FRIEDMAN, J. G. 
Gastrojejunal ulcer. J. Am. M. Ass., 1928, xc, 181. 

pe Takats, G., and Mann, F. C. The effect on the 
jejunal mucosa of transplantation to the lesser cur- 
vature of the stomach. Ann. Surg., 1927, Ixxxv, 698. 


40. 


47. 


819 


Terry, W. I. Ulcer of jeyunum following gastro- 
jejunostomy. J. Am. M. Ass., 1920, Ixxv, 2109. 

WALTERS, W., and SNELL, A. M. Peptic ulcer as seen 
in Central Europe. Proc. Staff Meet. Mayo Clin., 
1931, Vi, 380. 

Wikre, D. P. D. Duodenal ulcer in the female. 
Lancet, 1927, ii, 1228. 

Idem. The place of surgery in the treatment of peptic 
ulcer. Brit. M. J., 1920, i, 535. 

idem. Personal communication. 

Wricut, G. Secondary jejunal and gastrojejunal 
ulceration. Brit. J. Surg., 1918-1919, vi, 390. 

Idem. The surgical treatment of gastrojejunal and 
jejunal ulceration. Brit. M. J., 1922, ii, 640. 


+ 
“a 
40. | | 
41. = 
42. 
48 
. 
> 
44. 50. 
52. 
45. 
52 
Tet 
ig 
q 
n. 
3 
n- 
us 
ol 
M 


CARCINOMA OF THE 


/ NUE literature upon malignancy of the large 
bowel is prodigious and there is probably no 
phase which has escaped attention at some 

time or other. The opportunity of observing a 

recent case of carcinoma in the mid-transverse 

colon which terminated very favorably, has 
pointed out two aspects of the condition which 
have perhaps not received due consideration. 

It is surprising that malignant tumors of the 
transverse colon occur with relative infrequency. 
On analyzing 297 cases of carcinomata of the 
colon, it was found that only 22 or 7.3 per cent 
were located between the hepatic and splenic 
flexures. 

It is commonly thought that due to the ac- 
cessibility of this region, operative removal of 
such tumors is facilitated and the prognosis is 
good. A careful analysis of this group, however, 
reveals a mortality rate higher than is customarily 
found for growths in other parts of the large bowel. 
These deaths are due to various causes: some to 
faulty operative technique, some to unavoidable 
postoperative complications, and still others to 
the difficulty encountered in effecting a complete 
removal. 

The 22 cases recorded in this hospital have been 
reviewed from the standpoints of clinical features, 
surgical technique, and pathology with the intent 
of discovering the reasons for these peculiarities. 


OCCURRENCE 


Table I shows the distribution of 297 tumors of 
the colon in its various parts. The colon is for 
this purpose empirically divided into five parts; 
the ascending colon, hepatic flexure, transverse 
colon, splenic flexure, and descending colon (in- 
cluding the sigmoid). Further subdivision seems 
unnecessary and ambiguous. Bearing in mind 
that the transverse colon is approximately the 
same in length as either the ascending or descend- 
ing portions, it is more than accidental that 
carcinomata occur about one-fifth as frequently 
in the former location as in either of the latter. A 
satisfactory explanation for this characteristic is 
entirely lacking. There is nothing peculiar in the 
embryology, anatomy, or histology which might 
predispose to the infrequency with which it is 
invaded. It must be borne in mind, however, that 
the transverse colon is functionally more active 
and that stasis of faecal contents is less likely to 
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occur. Until the relationship between. stasis, 
irritation, and tumor formation is established, 
however, this cannot be regarded as a responsible 
factor. 
AGE—RACE—SEX INCIDENCE 

Carcinomata of the transverse colon are similar 
in respect to these features to malignancies else- 
where in the large intestine. The age incidence is 
most commonly in the fifth decade of life, the 
average age of the group being 44 years. All of the 
tumors occurred in members of the white race. 
Fourteen occurred in males and 5 in females, 
agreeing closely with the sex distribution in all 
gastro-intestinal malignancies. 


CLINICAL FEATURES 


The symptoms of carcinoma in the transverse 
colon are not unlike the clinical manifestations of 
malignancies elsewhere in the gastro-intestinal 
tract. The average duration of symptoms is about 
14 months. General symptoms experienced by 
the patient are malaise, loss of weight, secondary 
anemia, and abdominal pain. More specific 
symptoms are apparent when obstruction is 
present, either partial or complete. The patient 
then complains of eructation, digestive upsets, 
fullness or distention, meteorism, and constipation. 
When ulceration has occurred, tarry stools are 
frequently observed. 

It is interesting that the symptoms are fre- 
quently referable to upper intra-abdominal 
pathology. In one instance, the symptoms were 
characteristic of an acute cholecystitis. In several 
cases the symptoms and signs were mistaken for 
those of gastric malignancy and in none o/ these 
was the correct diagnosis made before the ab- 
domen was opened. 

The physical signs may be negligible in the 
early stage of the disease, and nothing more than 
a moderate distention observed. Tumors in this 
region, however, are usually palpable early and, 
by careful palpation, even a small mass can be 
picked up against the prominence of the vertebral 
column. The patients are usually underweight, 
pale, and undernourished. Laboratory examina- 
tion reveals a moderate secondary anemia. The 
stools in many instancesare grossly black or bloody 
and, in the majority, occult blood can be demon- 
strated. Achlorhydria is commonly associated 
with carcinomata of the stomach. It is surprising, 
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TABLE I.— DISTRIBUTION OF 297 CARCINOMATA 
OF THE COLON 


Location Cases Per cent 

Cwcum and ascending colon........... 96 32.3 
Descending colon and sigmoid......... 109 36.7 
Location undetermined................ 31 10.0 


however, to find an absence of free hydrochloric 
acid in a large percentage of carcinomata of the 
transverse colon. 

Diagnosis is usually made by the X-ray films 
following a barium enema. These, when positive 
on repeated examination, should be conclusive, 
but it is never amiss to perform a gastro-intestinal 
series, as embarrassing mistakes have been known 
to occur following the omission of this procedure. 


PATHOLOGY 


The majority of tumors in this location assume 
the annular constricting form, sometimes aptly 
described as “napkin-ring” carcinoma. The early 
growth may appear as a small ulcer on the 
mucosal surface of the gut wall. The edges are 
hard and elevated, leaving a crater-like erosion in 
the center. The wall is thickened and indurated. 
As growth progresses, the ulcerated area extends 
around the bowel more rapidly than longitudinal- 
ly, leading eventually to an annular growth. 
When this has occurred, the tumor continues to 
grow both longitudinally and inwardly, forming a 
hard, encircling band which constricts the lumen 
until, in late cases, it is almost entirely occluded. 

Extension to the mesentery may take place. 
Involvement of the mesentery glands is not rare 
and does not seem to be dependent upon the age 
of the tumor. Metastases have been observed in 
very early cases of short duration. The liver is 
particularly susceptible to metastases and con- 
tained secondary growths in 27 per cent of the 
cases of this series. Extension to adjacent organs 
occurs and it is not at all uncommon to find on 
laparotomy a large conglomerate mass of tumor 
the origin of which is not determined until the 
specimen is dissected. Extension is particularly 
apt to involve the stomach, in fact this had 
occurred in 32 per cent of the cases, more than 
had metastasized to either the liver or lymph 
slands. ‘This brings about complications both in 
diagnosis and treatment. The symptoms and 
‘tay findings are frequently those of gastric 
pathology and the correct diagnosis is not usually 
made before operation. Surgical treatment is 
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TABLE II.—METASTASES AND EXTENSION 


Metastases Cases 

Extension 


more difficult since a partial gastrectomy is 
necessary to remove all possibly involved tissue. 
This extension may travel through the lymphatics 
of the omentum by which means a surprising 
number of omental implants occur. More com- 
monly the growth involves the posterior wall of 
the stomach with which it is partly in contact. 
Table II shows the location of the metastases and 
secondary growths. 

The microscopic pathology is not distinctive. 
The majority are adenocarcinomata. It is sur- 
prising that a large percentage of cases showed 
mucoid degeneration in the presence of the 
adenocarcinoma and were originally diagnosed 
colloid carcinoma. Such was the case in 60 per 
cent of the tumors, a much higher percentage 
than has been encountered in the other portions 
of the colon. The medullary and scirrhous types 
of carcinoma may also occur, but are far less fre- 
quent than adenocarcinoma. 


TREATMENT 


The treatment of carcinoma of the transverse as 
well as other parts of the colon should consist of 
early radical excision. Since this is the most easily 
accessible portion of the colon, the average opera- 
tor regards the prognosis as good and has a 
tendency to exercise less care in resection. The 
results of surgical extirpation in 18 treated cases 
were not gratifying. Six died as a result of the 
operation, 2 of peritonitis and 4 of pneumonia, 
embolism, or shock. Two died of recurrence, 3 are 
well, 5 years or more; 3 are living without signs 
of recurrence less than 5 years after operation; 
and 4 were improved following operation but no 
report as to ultimate result was obtained. Four 
were thought to be inoperable and eventually 
died of extension and metastases. Fecal fistulie 
developed in 4 cases. In all of these, catgut was 
used in suturing the blind ends. It is the ex- 
perience of several operators that heavy silk is 
safer than catgut at this site. Table III shows 
the results of treatment in this group of cases. 

The anatomy of the transverse colon should be 
reviewed briefly before further approaching the 
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TABLE III.—-RESULTS OF TREATMENT 


Cases 
Improved following operation, but lost........... 4 
Well less than 5 years following operation........ 3 
Dead—postoperative 
Dead from recurrence following operation......... 2 
Inoperable, palliative treatment only............. 4 


surgical treatment. Its general direction is 
transversely across the abdominal cavity with a 
variable degree of ventral and caudal convexity. 
It is supported by the transverse mesocolon, the 
continuation of which forms the inferior leaf of 
the greater omentum. This is directly overlying 
the colon and in approximation to it. Near the 
hepatic flexure, it is not entirely covered by 
peritoneum, but overlies the right kidney and 
duodenum. Near the splenic flexure the mesentery 
is longer and allows more mobility. The splenic 
flexure is higher and more posterior than the 
hepatic. The blood supply is furnished largely 
by the middle colic artery arising from the 
superior mesenteric. It arches to the right, sup- 
plying the hepatic flexure and ramifies in the 
region of the splenic flexure with the left colic. 
The course of the middle colic is variable, but it 
usually curves upward about 6 to 8 centimeters 
to the right of the midline. 

Bearing in mind these anatomical features, the 
mode of surgical procedure must be approached. 
Two methods of removal are open to the operator, 
local resection and resection of the entire right 
half of the colon with an ileocolic anastomosis. 

When the tumor is located in the middle or 
left half of the transverse colon, local resection 
may be practised with impunity inasmuch as the 
intestine can be mobilized and anastomosis 
facilitated. A common mistake of resection is the 
removal of too much bowel, leaving short stumps 
upon which considerable tension must be exerted 
to obtain approximation. Some _ pathologists 
claim to have found evidence of malignant change 
in the intestinal wall, 2 inches or more from the 
site of the primary growths. No doubt this may 
be true in advanced cases but in early operable 
cases this statement is open to question. It is 
the author’s impression that the removal of a wide 
margin of normal gut is frequently overrated. A 
second and perhaps more important technicality 
lies in the preservation of the blood supply. 

Meticulous care should be exercised in choosing 
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the point of resection so that viability of both 
stumps is preserved. This necessitates careful 
dissection of each branch of the middle colic 
artery which in some instances is especiilly 
difficult, due to an excess of fat in the mesentery. 
Therefore, three factors must be considere« in 
choosing the point of resection, the blood supply, 
the mobility of the bowel, and the proximity to 
the tumor. 

Two methods of anastomosis are available. the 
end-to-end and the lateral. The end-to-end meth- 
od may be used in some cases with success, but 
in general is not as satisfactory as the laicral 
method. It requires more exacting suizical 
technique and the chance of leakage following 
anastomosis is greater. The operator may be 
governed by circumstance and if it is impossible 
to overlap the bowel without undue tensioi, the 
end-to-end method must be used. The anastvmo- 
sis devised by Parker and Kerr is frequently used 
and is more satisfactory than the older open 
method. 

Whenever possible the lateral anastomosis is 
preferable. A larger stoma is formed and there is 
less chance of obstruction. There are two satis- 
factory methods of performing this union. 
The first is the isoperistalsic anastomosis and is in 
general satisfactory, except for two features. 
Blind pouches are left, necessitating obliteration 
by suture to the opposing lumen. In spite o/ this 
precaution damming up of fecal contents some- 
times occurs which may cause either perforation 
or occlusion of the stoma. The anastomosis is 
dropped back into the peritoneal cavity aitcr the 
operation. Should gangrene or perforation occur, 
peritonitis is likely to result. Bloodgood devised 
a method to overcome this feature in 1900. He 
performed an antiperistalsic lateral anastomosis, 
but brought the blind ends out through the 
peritoneum when closing the wound. This 
method extraperitonealizes the weak blind ends 
and in the event of gangrene or rupture, iniection 
takes place outside the peritoneal cavity. | here- 
after nothing more harmful than a feca! ‘istula 
results which can be closed at a later date. 

If the tumor is located in the proximal hall ot 


the transverse colon, the entire right hal oi the 
colon may be removed. The description of this 
technique can be found in all treatises on opera- 


tive surgery and need not be repeated here. It 
involves freeing the cecum and ascending colon 
from the peritoneal attachments and res« (ion 0! 
the right half of the colon together with @ portion 
of the terminal ileum. The raw surface leit is then 
peritonealized and a lateral anastomosis per 
formed between the terminal ileum and the distal 
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transverse colon. In the hands of competent 
operators this is a relatively safe procedure and 
the operative mortality is surprisingly low. It isa 
longer operation and consequently attended by 
greater shock. The removal of such a large 
portion of gut results in a moderate physiological 
disturbance of the bowel which may not become 
readjusted until some months after the operation. 
Nevertheless it is considered an excellent operative 
procedure both from the standpoint of radical 
removal of possibly involved glands and a 
functionally good anastomosis. 

The use of radium and deep X-ray therapy has 
been found no more efficacious in carcinomata of 
the transverse colon than in other portions of the 
bowel, for the reason that adenocarcinomata are 
not radiosensitive. While it is true that irradia- 
tion may sometimes give temporary relief in late 
inoperable cases, it rarely brings about any lasting 
improvement. A short circuiting operation is 
more desirable for the relief of obstruction. 

The prognosis of carcinomata of the transverse 
colon should be comparable to that of carcino- 
mata elsewhere in the gastro-intestinal tract with 
observation of the above mentioned technical 
factors. The tendency toward invasion of the 
stomach jeopardizes the operability, but em- 
phasizes the need for thorough examination in- 
cluding a gastro-intestinal series and barium 
enema whenever there are symptoms of intra- 
abdominal pathology. Far too frequently is the 
complete X-ray examination omitted either 
through negligence or the desire of the physician 
to spare the patient discomfort in the examination 
ora seemingly unnecessary expenditure. 


CASE REPORTS 


Detailed case reports all too often confuse the 
reader and lend ambiguity to a surgical paper. It 
is the author’s intention to avoid this so far as 
possible, but with a relatively small number of 
cases there are certain illustrative features which 
can be brought out only by a brief case history. 
In the subsequent reports, only those features 
which are of direct importance in the diagnosis 
and treatment of the cases are included. 


_ Case 1. Path. No. 45848. White female, aged 52 years. 
The patient had complained of headaches, constipation, 
and weakness for 2 years. She had felt a subjective ob- 
struction to the bowels for 2 months and had lost 18 pounds 
inweight during the illness. Physical examination revealed 
4 palpable, tender mass just above and to the right of the 
umbilicus. The patient was markedly anemic. An ir- 
regularity was seen in the middle of the transverse colon 
with the luoroscope and in the X-ray plates. Pre-operative 
diagnosis : carcinoma of the transverse colon. 

Operation was performed September 5, 1931. Six inches 
of the intestine were removed with a V-shaped piece of 
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mesentery for a hard constricting tumor located in the 
middle of the transverse colon. The mesentery contained 
several enlarged lymph glands. ‘The ends of the intestine 
were anastomosed laterally by the “thumb” method of 
Bloodgood. Pathological diagnosis: adenocarcinoma, grade 
IL, with mucoid degeneration; the glands were negative for 
metastases. One of the blind ends broke down on the tenth 
day after operation with the subsequent formation of a 
fecal fistula. This drained persistently for several weeks 
but was finally closed and the patient was discharged 3 
months after operation. She is well at the present time, 8 
months after operation. 


This patient fortunately recognized the sub- 
jective signs of obstruction before the tumor be- 
came inoperable, thereby enhancing the chances 
of recovery. The advantages of the “thumb” 
anastomosis devised by Bloodgood are illustrated 
by the rupture of the blind end of bowel with a 
subsequent fistula. Had this occurred within the 
abdominal cavity, a generalized peritonitis would 
have developed with a probable fatal termination. 
The condition of this patient became critical 
during the operation, the blood pressure falling 
and the pulse rising. The operator, having a donor 
previously matched for blood transfusion, ad- 
ministered 500 cubic centimeters of citrated blood 
to the patient on the table, with the result that 
she left the table in excellent condition and suf- 
fered little postoperative shock. This measure, if 
practised more frequently would no doubt avert 
many postoperative deaths from shock after 
severe operations. 

CAsE 2. Path. No. 44223. White female, aged 56 years. 
The patient had suffered abdominal pain, nausea, and 
vomiting for 3 months and was conscious of an abdominal 
mass for 2 months. She had lost a moderate amount of 
weight. Physical examination revealed a tender, palpable 
mass in the midline below the umbilicus. It was the size of 
a grapefruit with a discharging sinus. The X-ray examina- 
tion showed in the mid-transverse colon complete ob- 
struction to the barium enema. Pre-operative diagnosis: 
carcinoma of the mid-transverse colon. 

Operation was done December 8, 1928. A large tumor 
mass was found within the sac of a ventral hernia. It was 
resected and the hernial defect repaired. The tumor was 
not attached and no enlarged glands were found. Patho- 
logical diagnosis: adenocarcinoma, grade IV, with fistulous 
communication to the bowel. Patient died 14 days after 
operation from infection of the abdominal wall and pul- 
monary embolism. 

It is unusual that a tumor giving rise to symp- 
toms for only 3 months could have attained this 
size. The patient was either unaware of pre- 
monitory symptoms or the tumor grew with ex- 
treme rapidity. The coincidence of a ventral 
hernia with the tumor no doubt confused the 
patient, for having the previous condition for a 
number of years she in all probability attributed 
her symptoms to it. 

CASE 3. Path. No. 38244. White male, aged 32 years. 
The patient had suffered moderate gastro-intestinal dis- 
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orders for 3 months and had lost 25 pounds. He had been 
conscious of an abdominal mass for 3 months. The last 3 
weeks of his illness were characterized by a mucous 
diarrhoea of foul character. Secondary anemia and 
cachexia were marked. A firm, tender, movable mass the 
size of a lemon was felt below the umbilicus. Pre-operative 
diagnosis: carcinoma of the transverse colon. 

Operation was done December 8, 1928. An annular, 
necrotic tumor was found in the colon extending to and 
involving the stomach, omentum, and mesentery. The 
tumor was resected together with a portion of the mesen- 
tery, omentum, and stomach wall. The bowel was joined 
by an end-to-end anastomosis and the stomach defect was 
closed. Pathological diagnosis: adenocarcinoma, grades II 
and III, arising in the left transverse colon. Patient died 
9 hours after operation from postoperative shock. 


The failure of the first physician consulted to 
suspect the malignancy emphasizes the tremen- 
dous importance of thorough gastro-intestinal 
studies in all cases of obscure disorders. This calls 
for an extreme nicety of judgment in deciding 
what examinations must be made and when, since 
it is obvious that every case of indigestion should 
not be subjected to the routine examination, not 
only on account of the discomfort to the patient, 
but for economic reasons as well. 


CasE 4. Path. No. 37357. White female, aged 60 years. 
This patient suffered from intermittent cramp-like pains 
for several months during which a small movable lump 
would sometimes be seen. Blood was seen in the stools on 
several occasions, and the patient had three transient 
attacks of jaundice. Physical examination disclosed a 
movable, non-tender mass about 7 by 12 centimeters in size, 
palpable in the upper right quadrant. There was an absence 
of free hydrochloric acid. A roentgenographic filling defect 
could be seen in the transverse colon. Pre-operative diag- 
nosis: carcinoma of the transverse colon. 

Operation was done May 18, 1925. A small tumor was 
found in the transverse colon which was freely movable. 
It was removed together with a portion of the transverse 
colon and a portion of the mesentery. The ends were 
anastomosed by the Parker-Kerr method. Pathological 
diagnosis: polypoid adenocarcinoma, grade II, with mu- 
coid degeneration; no glandular metastases. Transient 
symptoms of obstruction appeared on the fifteenth day 
after operation, but soon disappeared. The patient was 
discharged well 3 weeks after operation. No ultimate result 
note was obtained. 


The jaundice in this case could be caused by 
either the extension of the tumor to the periductal 
lymph nodes or a coincident and irrelevant con- 
dition. The obstruction after operation was 
probably due to a temporary volvulus or kink of 
the intestine. But its spontaneous disappearance 
rendered the complication of little significance. 


CASE 5. The patient suffered weakness, anorexia, and 
hematuria, which led to the diagnosis of pyelonephritis 
and a subsequent nephrectomy which was done 4 


months before present admission to the hospital. He im- 
proved slightly following this operation but suffered an 
exacerbation of the symptoms later with a pronounced 
cachexia and loss of weight. Physical examination dis- 
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closed a moderate distention of the abdomen with a rividity 
of the abdominal muscles. Several indefinite masses were 


palpated in the upper abdomen. There was a hyper. 
chlorhydria and a secondary anemia. Roentgenosrams 
showed a defect in the greater curvature of the stomac|) and 
a spastic condition of the right transverse colon. [re- 
operative diagnosis: carcinoma of the stomach. 
Operation was done December 8, 1924. An exploratory 
laparotomy revealed an inoperable carcinoma of the distal 
transverse colon with metastases to the liver. Patho! vical 
diagnosis: carcinoma of the transverse colon, pressing on 
the stomach; no specimen removed. The patient rec vered 
from the immediate effects of the operation but diced « few 


months later from the extension of the disease. 


The presence of a kidney lesion no dou!» ob- 
scured the tumor symptoms in this case. Had 
there been no other pathology, the gastro-int«stinal 
condition would have been diagnosed sooncr and 
the tumor approached while in its operable state. 
The hyperchlorhydria is unusual since many can- 
cers of the large bowel are characterized |\y an 
achlorhydria. This case illustrates the frequent 
confusion noted in diagnosing carcinomata vi the 
transverse colon. The roentgenographic examina- 
tion indicated a lesion of the stomach but this was 
apparently caused by a tumor mass in the colon 
producing a secondary irregularity, while the 
absence of the typical constricting tumor in the 
colon left it free from roentgenographic de/ects. 


CAsE 6. Path. No. 35873. White male, aged 46 years. 


Intermittent lower abdominal pain had been noticed for 3 
years. Exploratory laparotomy 1 year before admission re- 
vealed multiple tumors in the bowel. Following this the 
patient was temporarily improved but had a su!)sequent 


recurrence of symptoms with increased severity, borboryg- 
mus, nycturia, and loss of weight. Clinical examination re- 
vealed visible peristalsic waves and meteorism. .\ crater 
shaped ulcer was found in the rectum. A secondary anemia 
was present and there was a roentgenographic deiect in the 
transverse colon. Pre-operative diagnosis: carcinoma ol 
the mid-transverse colon. ae 
Operation was done August 4, 1924. The entire right 


colon was resected for a large mass arising in ‘le mid- 
transverse colon and adherent to the stomach, g!! bladder, 
and omentum. Several isolated polyps were found in the 
removed bowel. A lateral ileocolostomy was then per 
formed. Pathological diagnosis: adenocarcinoina, grade 
III, mid-transverse colon; multiple benign polyposis. A 
fecal fistula formed in the scar which refused ty hical anc 


the patient was discharged unimproved at his own request 


and no subsequent note has been available. 


The multiple polyposis was apparently regarded 
by the first operator as a benign condition, and no 
attempt was made at operative removil. The 
treatment of choice would have consiste«! of 1¢ 
moval of all the involved bowel, since car 
cinomatosis is a frequent coincident condition 
Multiple carcinomata are rare and furnish the 
main argument in favor of malignant © ange" 
previously existing benign polyps. 
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Case 7. Path. No. 32606. White male, aged 38 years. 
The patient had suffered weakness, loss of weight, and 
anorexia for 7 months with dull epigastric pain increasing 
in severity and frequency for 3 months. Nausea and vomit- 
ing, melena and diarrhoea were present for 1 month. Physi- 
cal examination disclosed a moderate abdominal rigidity, 
gastric achlorhydria, and secondary anemia. A fistulous 
communication between the stomach and transverse colon 
was visible in the X-ray plate following a barium enema. 
This arose at the site of a filling defect in the colon. Pre- 
operative diagnosis: carcinoma of the transverse colon. 

(Operation was done March 31, 1923. A portion of the 
transverse colon and a section of the stomach wall were re- 
sected for a large friable polypoid growth arising from the 
colon and extending to the stomach. The continuity of the 
colon was re-established by lateral anastomosis and the de- 
fect in the stomach closed. Pathological diagnosis: adeno- 
carcinoma, grade II, with mucoid degeneration; glands 
were negative for metastases. The patient died 7 days 
after operation from generalized peritonitis. 


When a cancer has advanced to the stage 
illustrated by this case the outlook is extremely 
poor. The operation is long and difficult and 
even with the most perfect technique is hazardous. 
This is another of the cases in which the tumor 
grew rapidly and involved the stomach, but in 
which in addition a fecal fistula had formed. 


Case 8. Path. No. 33633. White male, aged 63 years. 
Alternating constipation and diarrhoea had annoyed the 
patient for 3 years. During this time he had sometimes 
been conscious of an abdominal mass. He suffered frequent 
attacks of colic-like pain, which were often relieved co- 
incident with a “‘squirting” sensation. He had lost con- 
siderable weight. A hard, tender, movable mass the size 
of an orange was noticed below the umbilicus. Free 
hydrochloric acid in the gastric contents was not noted. 
A roentgenographic defect was visible in the first third of 
the transverse colon. Pre-operative diagnosis: malignancy 
of large bowel. 

Operation was done August 7, 1923. A large mass arising 
in the transverse colon extending to the stomach and ad- 
herent to the omentum and small intestine was removed by 
resecting a portion of the transverse colon and a piece of the 
stomach wall. After separating the mass from the other 
involved structures, a lateral anastomosis of the colon was 
performed and the defect in the stomach closed. Pathologi- 
cal diagnosis: adenocarcinoma, grade III, with mucoid 
degeneration. The patient died 14 days after operation 


from pneumonia. 

_ The patient’s own description of his condition 
is oftentimes invaluable. For instance this pa- 
tient stated that he felt a “squirting” sensation 
which relieved pain and distention. Obviously 
this could be caused by nothing other than partial 
obstruction of the bowel allowing only small 
amounts of fecal material to pass at a time. Of 
similar value is the patient’s description of a taste 
of hard boiled eggs following eructation and 
regurgitation. The flat taste of acid free stomach 
contents is immediately suggestive of achlorhy- 
dria. One patient complained that his clothes 
litted too tightly, so that he was not able to wear 
is belt comfortably but at the same time he 
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was losing weight. These features pointed to 
a moderate, almost imperceptible distention, but 
persistent and sufficient to acquaint the patient 
with an unnatural condition in his abdomen. 


CAsE 9. Path. No. 33217. White female, aged 48 years. 
The patient had suffered vague attacks of indigestion 
marked by cramping pains and bloating sensation for 1 
year. At the most recent attack 1 week before admission, 
she vomited food material ingested 3 days previously. She 
had lost 15 pounds in weight. A moderate fullness of the 
abdomen was evident and roentgenographic filling defect 
was present in the left transverse colon. Pre-operative 
diagnosis: carcinoma of the large bowel. 

Operation was done June 9, 1923. At exploratory lapa- 
rotomy an inoperable carcinoma was found arising in the 
left transverse colon involving the stomach and adherent 
to the parietal wall. A palliative colocolostomy was per- 
formed. Pathological diagnosis: carcinoma of the trans- 
verse colon; no glandular metastases. The patient died in 
3 months’ time from an extension of the disease. 


It is unfortunate that often the symptoms 
brought about by these cancers are so mild that 
the patient is not alarmed before the disease has 
advanced to an inoperable stage. An excision 
could have been attempted, but since so few cases 
involving the stomach wall recover, the operator 
displayed good judgment in doing nothing more 
than a palliative operation, thereby giving the 
patient freedom from symptoms during the re- 
maining months of her life. 


CAsE to. Path. No. 57807. White female, aged 70 
years. This patient complained of constipation for 10 
months, during which time, she was frequently nauseated 
and sometimes vomited fecal material. Gastro-intestinal 
series 5 months before admission was negative. Physical 
examination disclosed a superficial resistance in the upper 
left quadrant overlying a definitely outlined mass, which 
was irregular in shape, fixed, and tender. There was a 
roentgenographic obstruction just proximal to the splenic 
flexure. Pre-operative diagnosis: carcinoma of the trans- 
verse colon. 

Operation was done October 5, 1922. At exploratory 
laparotomy an inoperable tumor was found arising from 
the transverse colon, adherent to the jejunum and stomach. 
It was the size of an orange, was nodular and hard, and 
metastatic nodules were found in the omentum and liver. 
Pathological diagnosis: carcinoma of the transverse colon; 
no specimen was obtained. ‘The patient died 5 months 
after operation from extension of the disease. 


Spasticity of the colon not infrequently pro- 
duces an obstruction which can be mistaken for 
an organic lesion by the X-ray findings alone. 
Therefore, it is important not only to repeat the 
gastro-intestinal series but to observe the patient 
fluoroscopically as well. 


Case 11. Path. No. 30673. White male, aged 42 years. 
The patient suffered from intermittent pain in the left lower 
quadrant and a marked diarrhcea for 8 months following an 
operation for acute intestinal obstruction. Hejwas some- 
times conscious of a mass in the left side during an attack. 
Physical examination revealed the abdomen tympanitic 
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and tender to palpation on the left side. A roentgeno- 
graphic defect was present near the splenic flexure in the 
transverse colon. Pre-operative diagnosis: partial obstruc- 
tion due to peritoneal adhesions. 

Operation was done June 15, 1922. .\ tumor the size of 
a lemon was found in the left transverse colon attached to 
the stomach. It was freed and resected together with ade- 
quate normal bowel and a lateral anastomosis preformed. 
Pathological diagnosis: adenocarcinoma, grade I, with 
mucoid degeneration; no glandular metastases were found. 
The patient was discharged well 3 weeks after the operation. 


It is remarkable that although symptoms had 
been present before the first operation, no tumor 
was found. Evidently it must have been present 
at that time and was overlooked at exploration. 
Fortunately for the patient it was of low grade 
malignancy and in spite of delayed removal a 
good result was achieved. Too much emphasis 
cannot be laid on the necessity of a thorough 
exploration at every laparotomy. 


CasE 12. Path. No. 28466. White male, aged 69 years. 
Three years before admission a local physician had found 
in the abdomen a mass which had increased very little in 
size. Pain, jaundice, vomiting, and cachexia had been 
present 1 year. At physical examination an indefinite, 
slightly tender mass was felt in the upper right quadrant. 
Roentgenograms showed an abnormal position of the in- 
testines in this region due to an extra-luminar mass. Sec- 
ondary anemia was marked and occult blood was found in 
the stools. Pre-operative diagnosis: malignancy of the 
large bowel. 

Operation was done July 9, 1921. A tumor the size of an 
orange in the right transverse colon, was resected with a 
piece of mesentery containing several large glands. The 
bowel was anastomosed by the end-to-end method. Patho- 
logical diagnosis: adenocarcinoma, grade I, with mucoid 
degeneration; glands negative for metastases. Patient was 
well 10 years after operation. 


It is difficult to understand why the first 
physician consulted allowed this patient to con- 
tinue without hospitalization for 3 years follow- 
ing the first appearance of the mass. It is perhaps 
another case in which the patient is alarmed by 
symptoms of discomfort rather than the presence 
of an abnormal mass. A gratifying result follow- 
ing the removal of a mass of this duration is un- 
usual and was no doubt due to its extremely low 
grade of malignancy. 


CAsE 13. Path. No. 28670. White male, aged 52 years. 
For 6 weeks this patient had suffered intermittent cramp- 
like pains and meteorism. Malaise and anorexia accom- 
panied these symptoms. At physical examination indefinite 
peristalsic waves and a definite bulging mass at the um- 
bilicus were visible. This mass was firm, nodular, and 
freely movable but not painful. Pre-operative diagnosis: 
carcinoma of the large bowel. 

Operation was done February 25, 1921. A tumor was 
found in the mid-portion of the transverse colon. This was 
resected with 2 inches of normal bowel on either side and a 
V-shaped piece of mesentery including several enlarged 
glands. A lateral anastomosis was performed between the 


blind ends. Pathological diagnosis: adenocarcinoma, 
grade II, with mucoid degeneration; the glands showed no 
metastases. The patient was well 8 months after oper.tion, 
but no further information was obtained. 


This patient’s symptoms were not severe. ‘The 
neurasthenic patient usually causes the physician 
no end of trouble by his magnification of minimal 
symptoms but it is to be said in their favor that 
few neurasthenics die of cancer. This patient in 
spite of his mild symptoms sought the advice oj 
his physician early. If every patient recognized 
the possible significance of premonitory sym))toms 
the death rate from cancer would be considerably 
lower. 


Case 14. Path. No. 25276. White male, aged 5; years. 
Pain in the left side had been present intermittent !y for 7 
months, and the patient was conscious of an abdominal 
mass for 4 months, before admission. The stools were fre- 
quently black and tarry. Occult blood in the stoo!s com- 
prised the only positive finding on physical examination. 
X-ray examination was negative but an exploratory lapa- 
rotomy was deemed expedient. Pre-operative diagnosis: 
deferred. 

Operation was done November 5, 1916. A small, annular 
carcinoma was found in the transverse colon. It was re- 
sected and the bowel ends joined by lateral anastomosis. 


Pathological diagnosis: adenocarcinoma, grade 11, with 
mucoid degeneration. The patient remained we!) for 4 
years, then returned with numerous metastases to tlie liver 


and stomach from which he died a few months later 


It has been said by eminent surgeons that one 
of the justifications of laparotomy is to establish 
a diagnosis. This brings about many unnecessary 
operations but in a few cases such as Case 14, has 
made possible the diagnosis of a lesion o/ great 
significance. There was little in the clinical history 
to indicate a carcinoma. One should be suspicious, 
however, when pain of a dull aching character is 
more or less constant over a number of months. 
It is unusual for malignancy to recur in the bowel 
as late as 4 years, and naturally one suspects the 
presence of a new tumor, but since no autopsy was 
performed this point remained unsettled. 


CasE 15. Path. No. 22763. White male, aged 4: years 
A subjectively noticeable mass had been presi in the 


right side for 6 weeks, causing moderate pain, du!! and ach 
ing in character. In the upper right quadran: a hard 
nodular tender mass could be felt. Roentgenograms showed 


an obstruction in the first third of the transverse colon. 
Pre-operative diagnosis: malignancy of large bowel. 
Operation was done January 30, 1918. The eniire right 


half of the colon was resected together with th« terminal 
ileum for a large mass arising from the transverse colon and 
involving the duodenum and ascending colon. logical 
diagnosis: medullary carcinoma without metas\:<cs. The 
patient was discharged from the hospital well 1‘ no ulti- 


mate result note was obtained. 


Resection of the first half of the colon ‘s some 
times a beneficial procedure. In this case the 
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tumor had involved the ascending colon and it 
was thought expedient to remove as much bowel 
as possible. The operation involves little more 
technical difficulty than simple resection, and 
frequently gives a much better result. 


Cast 16. Path. No. 18672. White male, aged 47 years. 

For 2 months the patient had suffered from cramp-like 
pains in the abdomen and a sensation of fullness. He had 
been moderately constipated and vomited twice. Gaseous 
eructation and regurgitation which was at first acid in 
taste, changed to a fecal character. He had lost 15 pounds. 
Peristalsic waves were seen in the upper abdomen, most 
prominent on the left side, where there was a superficial re- 
sistance in the abdominal wall. A gastro-intestinal series 
of roentgenograms indicated a pyloric obstruction with 24 
hour retention. Pre-operative diagnosis: carcinoma of the 
pylorus. 
was done December 24, 1915. When the ab- 
domen was opened the operator found a huge mass in the 
region of the gall bladder arising from the transverse colon 
and involving the stomach and gall bladder to such an ex- 
tent that removal was out of the question. A palliative 
gastro-enterostomy was performed. Pathological diag- 
nosis: carcinoma of the transverse colon; no specimen was 
obtained. The patient was discharged in 18 days improved, 
but died 4 months later with extension of the disease. 


This patient showed symptoms of upper ab- 
dominal pathology which justified the diagnosis 
of carcinoma of the stomach. The presence of gall 
stones confused the picture but in spite of this a 
lesion in the lower tract was indicated by the 
characteristic faecal vomiting. 


Cast 17. Path. No. 17777. White female, aged 69 
years. The patient had suffered intermittent attacks of 
pain and vomiting which were partially relieved by en- 
emata for 6 months. The attacks increased in frequency 
and severity. She had lost some weight. The abdomen was 
found to be moderately distended and just to the left of 
the umbilicus was felt an indefinite slightly tender mass. 
Pre-operative diagnosis: malignancy of the bowel. 

Operation was done May 20, 1914. On exploration a 
hard, annular tumor was found in the transverse colon. 
It was resected with the customary V-shaped piece of 
mesentery after ligation of the main branches of the colic 
vessels. The blind ends were anastomosed by the method 
of Bloodgood. Pathological diagnosis: adenocarcinoma, 
grade ITI, encircling the lumen and producing partial ob- 
struction. One of the blind ends broke down 8 days after 
operation with a resulting fecal fistula. This closed itself 
5 weeks after operation. The patient was well when last 
heard from 5 years after operation. 


Very few patients seek medical advice for con- 
stipation. It is nevertheless one of the most 
valuable and constant symptoms of gastro- 
intestinal tumors. Many individuals are con- 
stipated but very few over 40 years of age have a 
sudden and constant change of bowel habit with- 
out an underlying cause. This case illustrated 
again the advantages of “Bloodgood’s thumb” 
anastomosis. 


Case 18. Path. No. 14512. White female, aged 64 


years. This patient had suffered from occasional attacks 
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of cramp-like pain for 3 months. She had lost 18 pounds in 
weight. When examined on entrance to the hospital the 
patient was evidently suffering from an acute obstruc- 
tion. She was vomiting and in acute pain. The abdomen 
was extended and tympanitic. Pre operative diagnosis: 
acute intestinal obstruction. 

Operation was done July 21, 1913. A colostomy was 
immediately performed to relieve the obstruction. At 
exploratory laparotomy 10 days later a small growth was 
found at the junction of the first and middle thirds of the 
transverse colon, causing a complete obstruction. The 
tumor was mobilized and removed after the method of 
Mikulicz, in two stages. Pathological diagnosis: adeno- 
carcinoma, grade IV, surrounding the bowel and producing 
almost complete obstruction. The patient returned to the 
hospital 5 years later with a recurrence of the tumor in the 
psoas muscles. She died shortly after the second admission. 


Carcinomata of the transverse colon do not 
customarily produce complete obstruction. When 
this occurs the underlying condition is apt to be 
overlooked and recognized only at operation. 
Two stages of operation are necessary in most 
cases, the preliminary colostomy for relief of 
obstruction preparatory to removal at the second. 
On the other hand certain operators feel that the 
patient suffers less from one operation and there- 
fore remove the tumor when the abdomen is first 
opened. 

CasE 19. Path. No. 12784. White male, aged 42 years. 
The patient had definite attacks of obstruction lasting 1 or 
2 days at a time for a period of 2 weeks, increasing in 
severity and frequency. Six days before admission he be- 
came conscious of a mass in the middle of the abdomen. 
Constipation was marked and he suffered discomfort fol- 
lowing the ingestion of solid food. He had lost an indefinite 
amount of weight. Examination disclosed a definite, hard, 
immovable mass on the left side of the iliac fossa. Other 
examinations were negative. Pre-operative diagnosis: 
malignancy of the bowel. 

Operation was done May 15, 1912. The operator found 
on opening the abdomen a small annular tumor in the distal 
third of the transverse colon, with enlarged glands in the 
mesentery. The tumor was resected and the ends of the 
bowel anastomosed by the lateral method. Pathological 
diagnosis: scirrhous carcinoma surrounding and con- 
stricting the intestine; metastases present in the enlarged 


gland. The patient died 14 days after operation from 
bronchopneumonia. 


The scirrhous type of tumor, that is to say the 
epithelial tumor characterized by a heavy fibrous 
reaction is most frequently responsible for con- 
striction. This type of tumor is difficult to demon- 
strate by palpation but causes its symptoms early 
and metastasizes late. It is, therefore, one of the 
most favorable types to treat. The death from 
pneumonia in this case was not the fault of 
technique, and the autopsy showed a cleanly 
healed anastomosis. 

CASE 20. Path. No. 12331. White male, aged 58 years. 
This patient suffered attacks of dyspepsia for a number of 
years. Three weeks preceding his admission to the hospital 
he had an acute exacerbation characterized by eructa- 
tion and copious vomiting. Examination disclosed a 
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bulging mass in the right iliac fossa which was tense and at 
times showed peristalsic waves. This was tympanitic on 
percussion. X-ray examination revealed a dilated caecum 
with obstruction at the first third of the transverse colon. 
tga diagnosis: malignancy of the transverse 
colon. 

Operation was done January 11, 1912. On opening the 
abdomen the operator found the cecum tremendously 
dilated, the result of an obstructing tumor mass in the trans- 
verse colon. He removed the right half of the colon zn toto 
and performed an ileocolic anastomosis. Pathological diag- 
nosis: adenocarcinoma, grade II, with mucoid degenera- 
tion. The patient died 8 days after the operation from 
gencralized peritonitis. 


When markedly distended the wall of the 
cecum is thinned to such an extent that an 
anastomosis is hazardous, in view of the possible 
leakage. In Case 20 this fact led the operator 
to remove the entire right colon. In spite of this 
precaution, however, the patient died of gener- 
alized peritonitis. 


CAsrE 21. This patient had suffered increasingly severe 
attacks of pain in the lower abdomen for 6 months. She 
had lost 20 pounds in weight. For 2 weeks preceding ad- 
mission to the hospital she had suspected a mass in the 
lower abdomen. She was admitted with an acute ob- 
struction. The patient entered the hospital in agony. The 
abdomen was distended, tympanitic, and extremely tender. 
Pre-operative diagnosis: acute intestinal obstruction. 

Operation was done August 5, 1929. The operator per- 
formed an exploratory laparotomy rather than a pre- 
liminary colostomy. He found in the left half of the colon 
a mass which had completely encircled the lumen causing 
almost complete obstruction. The tumor was resected 
with an adequate margin of normal bowel and a V-shaped 
piece of mesentery containing a few enlarged glands. The 
bowel ends were anastomosed with the end-to-end method. 
Pathological diagnosis: adenocarcinoma, grade II, of the 
constricting “napkin-ring” type; the glands were negative 
for carcinoma. The patient suffered partial obstruction 
following the operation for 2 years. At a second operation 
adhesions were released which had caused a partial ob- 
struction at the site of the anastomosis. The patient is 
well at present 4 years after the first operation. 


In this case the operator felt justified in doing 
the excision at the first operation. The fact that 
the patient did not recover entirely, does not dis- 
credit the method of procedure. 


Case 22. Path. No. C-8974. White female, aged 66 
years. This patient had noticed an upper abdominal mass 
for 5 years. For 2 years previous to admission she had 
been annoyed by a persistent diarrhoea. The mass had 
steadily increased in size but was not painful. She had lost 
15 pounds in weight. Examination revealed a mass in the 
upper midline the size of an orange, which seemed to be 
adherent to the transverse colon and omentum. Pre- 
operative diagnosis: carcinoma bf the transverse colon. 

Operation was done June 3, 1928. On opening the ab- 
domen the operator found a mass 12 centimeters in diam- 
eter surrounding the transverse colon in its middle portion 
but producing very little obstruction. This mass was re- 
sected with a few centimeters of normal bowel on each side 
and a section of the mesentery. The ends of the bowel were 
anastomosed by the end-to-end method. A portion of the 
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ileum adherent to the tumor was also resected. Patho- 
logical diagnosis: adenocarcinoma, grade IV, transverse 
colon. The patient was discharged well and to date 4 years 
later has had no sign of recurrence. 


This case again represents the type of patient 
who allows an abnormal mass to go unmolested 
for 5 years and consults a doctor only when 
symptoms occur which interfere with his daily 
activity. Modern medical teaching adyi«ates 
early consultation for suspicious symptoms. The 
education of the laity leaves much to be dcsired 
and until patients learn to seek medical advice not 
only for annoying symptoms but also for any 
abnormal growth or condition, the ability o! the 
physician to help them is lessened. 


SUMMARY 


Carcinomata are relatively rare in the trans- 
verse colon, only 7.3 per cent of all carcinomata 
of the colon being located in this region. 

The clinical features differ little if any from 
those of carcinomata elsewhere in the |jowel. 
Symptoms frequently simulate those of upper 
abdominal pathological conditions, such as sastric 
lesions or gall-bladder disease, and confusion of 
diagnosis is not rare. An achlorhydria is found in 
the majority of cases. Diagnosis is male by 
X-rays following both a barium meal ind a 
barium enema. In cases in which the findings are 
doubtful, the series should be repeated. 

It is surprising to find that tumors arising from 
the transverse colon involve the glandular system 
relatively infrequently. Metastases have a pre- 
dilection for the liver. More common than 
metastases, however, is direct extension to the 
stomach and omentum, thereby causing the con- 
dition to be confused with carcinoma of the 
stomach. The majority of these tumors «ssume 
an annular constricting form and cause symptoms 
of partial obstruction. 

Histologically, most of the tumors are of the 
adenocarcinoma type with secondary mucoid 
degeneration. This accounts for their tendency 
toward extension to adjacent structures with 
increased operative difficulty. 

The optimum treatment consists of ear!» radical 
resection, followed by anastomosis. The \perator 
should give particular attention to the aunt 0! 
bowel resected, the preservation of bloo:! supply 


to the stumps, the prevention of tensio: on the 
anastomosis, and the method of ana=' moss. 
Lateral anastomosis is to be preferred to ‘he ent: 


to-end method. The isoperistalsic or thumb’ 


method of anastomosis devised by Blood: 0d 
advantageous procedure when suflicic!\ 
can be obtained without tension. 


bowel 
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allows a possible rupture of the blind ends to take 
place outside the peritoneal cavity without 
causing peritonitis. 

The results of treatment in 22 cases have not 
been gratifying. Five year cures have resulted in 
only 3 cases and cures of shorter duration in the 
same number. Postoperative deaths were 6, and 
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deaths from inoperability or recurrence num- 
bered 6. 

The evaluation of early symptoms by the 
clinician with a resultant early diagnosis and 
careful attention to the above mentioned technical 
factors by the surgeon should enhance the 
patient’s chances of recovery. 


PUNCH BIOPSY IN TUMOR DIAGNOSIS 
WILLIAM J. HOFFMAN, M.D., New York 


Clinical Fellow in Cancer Research, Memorial Hospital 


Na previous communication,' the author 
described a new technique and instrument for 
obtaining biopsy specimens, and reported the 

results obtained with it in the diagnosis of twenty 
tumors. Since the publication of that paper the 
design of the instrument has been improved and 
an additional series of cases has been accumu- 
lated. This paper will describe the new punch, its 
advantages, technique of its use, methods of 
preparing the material obtained, and the results 
attained in the biopsy of roo tumors. 

The new punch consists essentially of three 
arts: 

: 1. A tubular sheath fitted by a set screw to a 
forceps-type handle bearing a yoke which pro- 
vides longitudinal movement to a specimen cutter 
operating within the sheath. 

2. Aspecimen cutter, the lance-pointed tip of 
which serves as a trocar when the instrument is 
held in the closed position. 

3. An insulated electrode the diameter and 
length of which are such that it may be intro- 
duced through the sheath and project beyond its 
end. 

The sheath (Fig. 1) is a hollow metal cannula 
12 centimeters long and 3 millimeters in diameter. 
Its distal end is ground to a circular cutting edge; 
its proximal end terminates in a tapered ferrule 
which is fitted to the handle by means of a set 
screw. The ferrule will accommodate the tip of 
a Luer syringe. 

The specimen cutter (Fig. 1) is a cylindrical rod 
15 centimeters long and 2.5 millimeters in diam- 
eter, fitting snugly within the sheath. Its proximal 
end terminates in a knurled knob and immediately 
distal to the knob is transfixed by a cross pin 
which engages in the yoke of the movable handle. 


‘Hoffman, William J. New technique and instrument for obtain- 
“8 Dlopsy specimens. Am. J. Cancer, 1931, xv, 212. 


By this means the specimen cutter can be ex- 
truded from or withdrawn into the sheath. The 
distal end of the cutter is ground to a sharp, 
lance point, and when the handles are closed, pro- 
jects beyond the sheath to form a trocar. Im- 
mediately proximal to the lance point, the shaft 
is cut away so as to form a hook 5 millimeters 
long, the sharp edges of which fit snugly against 
the edge of the sheath when the cutter is with- 
drawn into it, thus exerting a shearing action on 
anything caught between the jaws of the cutter 
and the sharpened edge of the sheath. The 
forceps type handle consists of two limbs pro- 
vided with finger holes and so pivoted that ap- 
proximation or separation of the handles causes 
retraction or extrusion of the specimen cutter. 

The electrode (Fig. 1) is a slender conductor 18 
centimeters long and 2 millimeters in diameter, 
capable of being introduced through the interior 
of the sheath and of being extended about 1.5 
centimeters beyond its edge. It is insulated over 
its whole surface except at its distal extremity 
where it terminates in a hemispherical knob 2 
millimeters in diameter. The proximal end is 
fitted with a standard insulated split connector 
designed to receive the connecting cable tip of a 
source of coagulating (surgical diathermy) cur- 
or. TECHNIQUE OF PUNCH BIOPSY 

The skin and tissues overlying the suspected 
tumor are infiltrated with novocain and some of 
the anesthetic is injected deeply along the pro- 
posed path of the instrument, puncture of the 
tumor being avoided, however. A 3 millimeter 
stab wound is then made through the skin with 
a sharp pointed bistoury. With the punch closed 
so that the cutter is withdrawn into the sheath, 
only the sharp lance point being left exposed, the 
instrument is introduced through the puncture 
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INSULATED ELECTRODE 


SPECIMEN CUTTER 


Fig. 1. The three parts of the biopsy punch: insulated 
clectrode, specimen cutter, sheath fitted to forceps-type 
handle. 


wound and thrust through the subcutaneous tissue 
into the tumor. When the point is felt within the 
tumor at the site selected for biopsy, pressure is 
made on the knob of the specimen cutter and the 
handles allowed to open. This causes the ex- 
posure of the hook shaped cutter. Gentle outward 
traction causes the hook to imbed itself into the 
tumor. The handles are then closed, thus causing 
the cutter to be withdrawn into the sheath and 
cleanly cutting away the tissue caught between 
the cutter and the sheath. The cutter is then 
completely withdrawn with its contained speci- 
men through the inside of the sheath without con- 
taminating the intervening normal tissues, leaving 
the sheath in position. If additional tissue is 
desired, the cutter is reintroduced and as much 
tissue as may be required is removed through the 
same puncture without an additional breach 
being made in the tumor. The insulated electrode, 
connected to a source of coagulating current, is 
then introduced through the sheath so that the 
tip of the electrode occupies the point on the 
tumor from which the specimen was cut away. A 
current of about 250 milliamperes is switched on, 
the electrode is held in contact with the area for 
about 2 seconds, and then slowly withdrawn with 


O 


Fig. 3. Specimen is withdrawn through the sheath with- 
out contaminating the normal intervening tissues, leaving 


the sheath in place. 
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Fig. 2. The punch introduced through puncture wound 
and the cutter extruded into the tumor, ready to cut speci- 
men. 


the punch so that a thin film of coagulation is 
produced along the needle track. 

Biopsy of cyst wall. If, when the punch is in- 
troduced, there is a sudden loss of resistance and 
the suspicion verified that the tumor is a cyst, the 
cutter is extruded within the cyst cavity ani then 
drawn outward slightly so that the hook ‘s im- 
bedded into the proximal wall. Closure of the 
handles causes the cutter to punch out a portion 
of the cyst wall, and the specimen thus o)tained 
may be drawn out through the sheath in the usual 
way. The cyst contents may be allowed 10 drain 
out through the sheath. If the fluid is too \ iscous 
to flow readily, the handle of the punch should 
be disconnected so as to permit the attachment o/ 
a syringe to the proximal end of the sheath and 
the aspiration of the contained material. Ii de- 
sired, opaque media may be introduced through 
the sheath for radiographic determination of the 
relations of the cyst to the surrounding structures. 

Biopsy of prostate gland. Biopsy of the prostate 
gland is performed in a manner similar to that 
already described for other localities. The punch 
is introduced through the perineum at 2 point 
about 1 centimeter lateral to the midline, and the 
point of the punch is thrust forward into the 
selected area of the prostate, being guided by a 
palpating finger in the rectum. 


DIATHERMY CURRENT 


Fig. 4. The electrode has been introduced 1: ough the 
sheath and is shown coagulating the opening in ‘ie tum’ 
and the needle track. 
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Fig. 5. Case 82. E. L. Punch biopsy of breast tumor. 
Paraii'n section. Infiltrating duct carcinoma. 


Preparation of the specimen. ‘The piece of tissue 
obtained by the punch measures 5 by 2.5 by 2.5 
millimeters and is large enough for an immediate 
smear, frozen section, or paraffin preparation. If 
the tissue is soft and cellular a smear may be made 
by crushing a small portion between two glass 
slides, or by touching the specimen to several 
areas on a glass slide previously warmed over a 
flame. This will cause the specimen to adhere and 
thus detach some cells. These smears when 
stained by hematoxylin and eosin afford a fin- 
ished preparation in 6 to 8 minutes. 

The solid piece of tissue is placed in ro per cent 
formalin and carried through the regular stages 
of fixation to be made into permanent paraffin 
block preparations. Four or five sections are 
usually cut from these blocks and mounted on a 
single slide. The finished result is a section of an 
actual piece of undistorted tissue from which a 
pathological diagnosis can usually be made. If 
greater haste is required, a quick paraffin section 
can be prepared in about 3 hours. 

In this series of 100 tumors, the biopsy speci- 
mens, as a general rule, were prepared as im- 
mediate smears and paraffin sections. The ad- 
vantage of the former is that a diagnosis may 
possibly be made in a few minutes; the disad- 
vantage is that because the characteristic struc- 
ture is lost the diagnosis of a smear must rest on 
the abnormal morphology of some clumps of cells. 
The information gained is, therefore, often limited. 
the paraffin sections require longer to prepare but 
afford an excellent final result which, except for 
‘ize, Is similar to the sections ordinarily encoun- 
tered by pathologists. Because they present a 
section of undistorted tissue their diagnosis does 
not demand the special experience required in the 
interpretation of smears. It naturally follows 
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Fig. 6. Case 100. E. B. Punch biopsy of tumor of 
scapula. Paraffin section. Large spindle and giant cell 
osteogenic sarcoma. 
also that more information can be gained from the 
section than from the smear. For instance, one 
can determine not only whether or not a certain 
tumor is malignant, but often also its pathological 
classification and whether or not it is likely to 
prove radiosensitive. 


CLINICAL APPLICATIONS 


The biopsy punch has been employed at the 
Memorial Hospital in the diagnosis of tumors 
located within the body beneath normal overlying 
structures. It has not been used within the ab- 
dominal or thoracic cavity, and only with caution 
in the neighborhood of important vessels and 
nerves. By this means it has been possible: 

1. To diagnose obscure tumors entirely lacking 
pathognomonic features which would have indi- 
cated their character; 

2. To obtain definite knowledge of the patho- 
logical type of a disputed tumor and thus decide 


Fig. 7. 
of thigh. Paraffin section. Myxolipoma with low grade 
malignant characters, i.e., liposarcoma. 


Case 99. Punch biopsy of subcutaneous tumor 
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upon the treatment (whether surgery, irradiation, 
or both); 

3. To secure adequate histological proof of the 
nature of inoperable tumors destined to be 
treated by irradiation; 

4. To determine the ultimate effect of irra- 
diation on tumors apparently successfully treated 
by that method several years previously. 


CLINICAL RESULTS 


In a series of 100 punch biopsies done during 
the past 2 years at Memorial Hospital, there have 
been no accidents. Hemorrhage or infection have 
never occurred. Trauma is negligible since only 
a single puncture is made. The danger of local 
or general dissemination is probably slight; the 
coagulation of the puncture wound in the tumor 
and of the needle track attempts to eliminate this 
danger. 

This series of 1oo punch biopsies included 
tumors of breast, prostate, bone, cervical, axillary 
and inguinal nodes, as well as subsurface tumors 
generally. The consistence and structure ranged 
from that of a simple cyst to that of an osteogenic 
sarcoma of bone. In every case tissue was ob- 
tained on the first attempt at biopsy. From the 
specimens obtained from these 100 tumors, 93 
positive diagnoses were made (93 per cent). In 7 
instances the material obtained by the punch 
failed to reveal any evidence of neoplastic disease, 
although there was evidence in 4 of these cases to 
warrant that clinical diagnosis. In the 3 remain- 
ing cases (33, 35, and 37), there was no palpable 
tumor present and the only evidence of abnor- 
mality was an increased consistence of the breast. 
These cases are here listed as failures although it 
is doubtful that any malignant tumor is present. 
Thirty-six of these 100 tumors have been removed 
surgically and the whole specimens submitted to 
pathological study. In 34 of these cases the diag- 
nosis made after examination of the whole speci- 
men agreed with that made from the specimen 
obtained with the punch. The 2 exceptions were 
Cases 9 and 32. In both these instances the punch 
had not been introduced into the tumor and only 
normal tissue had been obtained. In no case, on 
the other hand, has a positive diagnosis of malig- 

nancy made from the biopsy punch material been 
contradicted by the diagnosis made after ex- 
amination of the whole excised tumor. 

Seventeen of these tumors had been treated by 
heavy doses of interstitial irradiation from 1 to 7 
years previous to punch biopsy, so that they were 
reduced to hard, shrunken, and, in some instances, 
calcified nodules of scar tissue. In 12 instances, 
strands of carcinoma cells were demonstrated 
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among the dense whorls of radiation fibrosis. |) 
the 5 remaining cases, no cancer cells could | 
demonstrated. In these latter 5 cases the can. + 
presumably has been destroyed. In each, | ¢ 
persistent tumor was reduced to a small nod) ¢ 
and there was no clinical evidence of activi 
They are, therefore, listed among the succes- (| 
biopsies since it is a fairly reasonable assumpi. sn 
that the cancer has been eradicated. 


ADVANTAGES 


Among the advantages of this instrument i 
technique are these: 

1. By means of this instrument and techn ue 
of biopsy, early diagnosis may be obtained =a 
time when pathognomonic clinical features re 
not yet developed. 

2. It is a minor procedure done under = «al 
anesthesia in the physician’s office at the tir of 
the first examination. Most patients who rise 
the suggestion of an operative biopsy, co: cnt 
readily to a punch biopsy. 

3. Asolid piece of unchanged tissue is 

4. The piece of tissue is large enough |. ex- 
hibit the characteristic structure of the po ‘ion 
of the tumor from which it was removed, a: | to 
furnish material for immediate smear, froze). sec- 
tion, or paraffin preparation. 

5. The tumor is punctured but once, alt!) sugh 
additional pieces of tissue may be obtiined 
through the original puncture wound, if desir: (|. 

6. The cutting action is positive; the tissue is 
cleanly cut away; the specimen is not crushv« or 
coagulated. The normal structural relations, in 
most instances, are preserved. 

7. Itis successful in a wide variety of material, 
whether fluid, semi-fluid, caseous, soft ce!/ular, 
densely fibrous, or osteoid in character (bone tu- 
mors which have eroded the cortex). 

8. By means of the punch a specimen may 
easily be obtained from the wall of a cyst, «nd by 
means of a syringe fitted to the sheath it~ con- 
tents may be evacuated or opaque me « in- 
jected. 

g. The opening in the tumor and the ° vedle 
track are coagulated before withdrawal the 
punch, thus rendering less likely the dissem ition 
of the disease. 

10. The punch in 100 cases has neve: ailed 
to obtain a specimen from any tissue int: vhich 
it has beenin troduced. Successful diagnos were 
made from material obtained in 93 per ‘it 0! 
cases. 

SUMMARY 

A new technique and biopsy punch © de- 

scribed and illustrated. By means of thi unch 
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echnique an actual undistorted piece of a 
‘ted tumor is obtained through a small 
ure wound and removed through a sheath 
at contaminating the intervening normal 

The opening in the tumor and the needle 
are coagulated by an insulated electrode 
ted to a source of high frequency (surgical 
rmy) current as the instrument is with- 


use of the punch and the methods of pre- 
parin’ the specimen are described. Biopsies by 
this :.ethod have been performed on 100 patients 
at th Memorial Hospital, this group including a 
wide \ariety of tumors and many of dense fibrous 
structure. 

An actual piece of tissue was obtained in each 
case on the first attempt. From these specimens 
parallin sections and smears were prepared. Suc- 
cessiul diagnoses were made in 93 instances (93 
per cent). Thirty-six of these tumors were later 
removed surgically and the punch biopsy diag- 
noses were checked by comparison with the patho- 
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logical diagnosis made after examination of the 
whole specimen. In all but 2 cases the final patho- 
logical diagnosis agreed with the diagnosis made 
from the punch biopsy specimen. The exceptions 
were cases in which the punch had not been intro- 
duced into the tumor and only normal tissue had 
been obtained. The accuracy of diagnosis in these 
checked cases was thus about 94 per cent. 

The action of the instrument is safe, simple, and 
positive. In the whole series there has not been 
an instance of fungation, infection, or hamor- 
rhage. The danger of local or general dissemi- 


nation appears to be slight; trauma is negligible; 
the coagulation of the puncture wound in the 
tumor and of the needle track is an attempt to 
eliminate this danger. 


This article was awarded Certificate of Honor, Class 11, by the Amer- 
ican Medical Association at the Philadelphia Session, June, Lo3t. 


The author gratefully acknowledges the co-operation of Mr. Reinhold 
Wappler of the American € ystoscope Makers, Inc., whose technical 
knowledge and mechanical skill were of material assistance in developing 
this instrument. 
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GASTRIC ULCER IN ITS RELATION 
TO CARCINOMA OF THE STOMACH 


O more illuminating study of cancer 
of the stomach has been published in 
recent years than the paper by 

Alvarez, dealing with 41 physicians who were 
treated for it at the Mayo Clinic. Physicians 
are supposedly aware of the devious ways of 
this treacherous disease, are supposedly on the 
alert for its recognition, are supposedly con- 
vinced that in the battle against it surgical 
treatment and prompt surgical treatment is 
the only hope of salvation. But what did this 
group of physicians do? Did they promptly 
suspect cancer when they developed symp- 
toms of gastric discomfort, of prolonged and 
progressive digestive disturbance, of actual 
obstruction? Did they promptly submit to 
radiological study? Did they promptly de- 
mand surgical exploration? The great ma- 
jority of them did none of these things. The 
great majority of these men and women who 
should have known better either ignored their 
symptoms entirely or else permitted them- 
selves to be treated for indefinite periods of 
time by medical measures, apparently without 


EDITORIALS 


834 


suspecting that they had set their feet 01 the 
way that leads inexorably to death. > all 
wonder, in the face of this record, that lay nen 
procrastinate as they do: when the she} erd 
strays, one cannot expect the sheep n — to 
wander from the path. 

Particularly noteworthy in this study just 
as he is noteworthy in any similar study, — one 
special type of patient. He tells a long tory 
of previous indigestion, which has pc raps 
responded well in the past to medical seat- 
ment, but which now remains obdurate ‘0 it. 
Or he suddenly exhibits an exacerbat on of 
symptoms or a change in symptoms. [hat 
was the sort of history that was given by 21 o/ 
the 41 patients Alvarez studied, and it ‘s the 
sort of history that immediately intro luces 
either the possibility of a previous ulcer or the 
absolute certainty of one. The relation «i gas- 
tric ulcer to gastric carcinoma is a quvstion 
upon which authorities of equal eminen: « hold 
opinions that are diametrically opposit«, but 
Alvarez is perfectly correct when he says that 
the man who can ignore such facts a» these 
has a mind that is impervious to evic: ‘ice o/ 
any kind. 

The origin of cancer is an acaden) — con- 
sideration, as is the question of the ex: t per 
centage of gastric ulcers which turn i) 
cer, or the number of cases of cancer w chare 
superimposed upon ulcers. The micr  copit. 
radiological, and clinical criteria whi: must 
be invoked to solve the problem fade _ to in- 
significance beside the fact that som« 
apparently develop from ulcers, that 
cers apparently develop into canc », an! 
that some supposed ulcers are und _ btedly 
cancers from their inception. The cr _ of the 
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blem, therefore, is whether or not the pro- 
\ sed medical treatment of gastric ulcers is 
s. . Such treatment, as Alvarez points out, 
is lways based upon the fallacious assump- 
ti that the differentiation of gastric ulcera- 
ti from gastric malignancy is possible by 
cli cal and radiological methods, whereas 
rej ated studies have shown that this is not 
oni, not possible but also that it is not even 
apj roximately accurate. 

\ guess, which in some 25 or 30 per cent of 
all cases is the best that the most experienced 
clinician and radiologist can offer, is a poor 
peg, as Lord Moynihan says, upon which to 
hang a man’s life. And make no mistake, it is 
alife that isin the balance. The medical treat- 
ment of gastric ulcer may be relatively safe, 
even if it does not relieve the patient, but the 
medical treatment of gastric cancer is equiva- 
lent to manslaughter or suicide, from which- 
ever point of view you happen to be regarding 
it. Gastric ulcer and gastric malignancy must 
be distinguished positively, not probably, be- 
fore the medical treatment of the supposed 
ulcer is undertaken. The surgeon must be 
absolutely certain that he is dealing with an 
ulcer before he withholds surgery, regardless 
of how unlikely or how uncommon he per- 
sonally feels the transition to malignancy to 
be. 

The only safe rule is to regard as cancer any 
indigestion, with or without other symptoms, 
which appears after middle life in a previously 
well person, to regard as cancer any acute 
digestive disturbances in this period which are 
superimposed upon chronic digestive dis- 
turbances and which do not respond promptly 
to routine measures; to regard as cancer or as 
highly suspicious of it vague general symp- 
toms, even though associated gastric disturb- 
ances are lacking; to continue to regard as 
cancer any of these clinical syndromes until 
it is proved beyond a shadow of doubt that 
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it is not cancer; and to resort without delay to 
exploratory laparotomy if the diagnosis can- 
not be made otherwise. The suspicion that 
cancer exists is the one thing that matters; 
in malignant disease the certainty of diag- 
nosis is frequently also the certainty of death. 
“The salvation of human life,” says Lord 
Moynihan, “‘is a greater thing than the estab- 
lishment of a convincing, irrefutable clinical 
diagnosis,” and Arthur Curtis remarks in an- 
other connection that ‘it is better to have a 
less accurate diagnosis and a more favorable 
prognosis.” Operation on suspicion is justi- 
fied in this disease, in which one can scarcely 
tell what a day will bring forth, or at what 
moment an operable lesion may become an in- 
operable one. Accurate diagnosis is a desidera- 
tum, but in the absence of incontrovertible 
negative findings, or in the presence of doubt- 
ful positive findings, the surgeon is entirely 
justified in exploring without hesitation every 
person in middle life or before middle life who 
exhibits a dyspepsia which does not respond 
promptly and permanently to established 
methods of treatment: cancerous indigestion 
has no hallmarks, while it is still amenable to 
cure, to distinguish it from indigestion of other 
origins. A properly performed exploratory in- 
cision was never responsible for a fatality, and 
the multitudes cannot be counted whom it 


has saved from death. URBAN Maks. 


THE TRAINING OF THE 
SURGICAL NURSE 

HE prime objective of the nursing pro- 

fession, as well as that of the medical 

profession and hospitals, is the preven- 
tion and cure of disease. The duty of the hos- 
pital to train nurses is secondary to their obli- 
gation to give the best care to sick patients. 
The time was when the best interests of surgi- 
cally sick patients were most efficiently 
guarded by having every pupil nurse receive 
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some practical training in operating-room 
procedure, including the very particular and 
technical work of ‘handling instruments” at 
operations. This covered the period of anti- 
septic surgery and the early days of aseptic 
surgery, when the facilities of the modern 
hospital had not yet been made accessible to 
all communities by the modern road and am- 
bulance. In those days, fortunately past, any 
nurse might have been called upon to prepare 
for a major operation in any home. Today 
there is rarely a call for such service. The 
passing of this need has not seen the nurse 
training schools alive to the change. 

The nursing schools are putting each pupil 
through the mill of operating-room service 
when today the best interests of the patient 
can be advanced very materially if the patient 
be not made the means of practice and train- 
ing. No medical school trains its students in 
technical surgery. These students receive 
their technical surgical training in graduate 
courses as internes and as assistants to trained 
surgeons. The surgical clinic of today that is 
not associated with a training school, or the 
one that uses graduate operating-room nurses, 
all other things being equal, is giving the best 
service to the patient and enabling the doctor 
to do his best by his patient. 

The qualifications of a good surgical nurse 
assistant are exact, rigid, and specific. A few 
of these are: physical and nervous stability, 
evenness of temper, control of emotions, 
ability to think and to act quickly in an emer- 
gency, unusual capacity for the details and 
minutix of preparation for an operation, de- 
pendability which is the result of uniformity of 
procedure, and yet an adaptability to the 
infinite variations that make each similar 
operation different from every other one. She 
must have that peculiar quality of intuition 
that permits the rare assistant to be just a step 
ahead of the operator, to anticipate his needs 
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before they are expressed. In a class of sixty 
girls, evenly selected girls, not over 10 pv: 
cent show any large proportion of these qua! 
fications. Technical work requires specializ: 
tion. 

The Class A hospital of today, backed | 
the American College of Surgeons and 1 
American Medical Association is demand) 
the highest qualifications of those surge: 
permitted the privilege of utilizing its oper 
ing rooms. Such a hospital states that it 0. s 
a duty to the public at large and so must .- 
sure the public that only an efficiently trai «| 
surgeon may use its facilities. This beingt. , 
the same hospital should be allowed to fur) -h 
equally efficient technically trained nu. -s. 
This these very excellent hospitals do not 0, 
for the rules governing trained, regist: \ ed 
nurses, require that every nurse, no mailer 
what her personal characteristics, be put 
through a six, eight, or ten weeks’ operat iig- 
room course and made to “‘assist’’ wit!) at 
least twenty-five operations. The meiical 
college does not try to make every student a 
surgeon. They know that the surgeon must 
be born as well as made. The surgeon se\vcts 
his specialty because of a love for suryery. 
The December, 1932, examinations for jurse 
registration in Ohio specifically asked: ~ for 
how many operations have you been the 
sterile nurse? Majors? Minors?” The 
perfectly adapted nurse for this tec! vical 
work cannot hope, by any stretch of t) im- 
agination, to acquire proficiency in th: 
allotted. For a large proportion it repr 
time lost and lost at the expense of th 


ime 
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hos- 


pital, the doctor, the nurse teacher, and .ove 
all, the patient. 

How can this situation be corrected Just 
two adjustments are necessary. First,: inge 


the regulations to make it unnecessary © the 
pupil nurse to “handle” instruments for \cra- 


tions. Second, require that the ‘‘sterile use 
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“handles” the instruments at the opera- 
tio be a graduate nurse. She may have an 
un rgraduate assistant. 

\ hat will be accomplished by these 
ch: ses?) Many nurses will not be given a 
res; nsibility for which they are unfitted. 
Nu. berless hours of futile effort will be saved 
on | part of nurse supervisors and doctors. 
The lacing of the student as ‘‘sterile’’ assist- 
ant io the “sterile” graduate operating nurse 
will sive the intelligent pupil all she needs of 
knowledge of surgical asepsis and technique 
and permit her to obtain this training at an 
early period in the school schedule, to the 
benefit of her subsequent training. (Many 
advanced thinkers on the subject of nurse 
training feel the operating-room experience 
should come early in the three years’ course.) 
Valuable time will be saved during each opera- 
tion, and while a few minutes more or less do 
not appreciably change the result of the 
average Operation, these minutes saved may 
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mean a life saved in the bad-risk and emer- 
gency case. It means the assurance of a more 
perfect technique to the end that complica- 
tions may be eliminated. It means the sur- 
geon’s attention can be centered on the actual 
operation technique, so that he will not have 
to divert his attention from the field of opera- 
tion to direct a ‘“‘green”’ nurse assistant. It 
means less wear and tear on the surgeon, 
which in turn means better service to the 
patient. 

Team work has become essential to good 
surgical work. The anwsthetist, assistant, 
nurses, and surgeon must work together. One 
new ‘‘cog-wheel” in the engine or one ‘‘green”’ 
horse in the team, slows up the work and 
makes it less efficient. Who sufiers? The 
patient. It, therefore, behooves the medical 
profession, hospitals, and the nurses them- 
selves, to see that the rules regulating these 
affairs are arranged to give the patient the 
best service possible. Dupiey W. Pacer. 
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GEORGE DAVID STEWART 


DECEMBER 28, 1862—MARCH 9, 1933 


Thou Power Supreme, whose mighty scheme 
These woes of mine fulfill, 

Here, firm, I rest,—they must be best 
Because they are Thy will. 

Robert Burns. 


NHE officers, regents, and administrators of the American College of 
Surgeons mourn the loss of a distinguished founder and a past president, 
George David Stewart. 

He was a great man, a great American, a great surgeon; and one of the most 
beloved members of the profession. Among his outstanding qualities were his 
strong character, his human heart, his love for his fellow man, his unfailing 
friendship and loyalty, his honesty of thought, his fearlessness, his tireless energy, 
his fund of humor, and his over-powering personality. 

We shall miss his inspiring presence at the meetings of the College and of the 
Clinical Congress, his happy companionship, and his courageous support of those 
principles which were on the side of right. 

On several occasions I heard from his lips the following words from Havelock 
I:llis: “The present is in every age merely the point at which the past and future 
meet. ... There is never a moment when the new dawn is not somewhere break- 
ing over the earth and never a moment when the sunset ceases to die; we should 
greet the new dawn serenely, not hastening toward it with undue speed nor 
yet leaving without regret the dying light that was once dawn.” 

His belief that ‘civilization must move, our profession must move; both arc 
dynamic, not static; and change is life’? was best exemplified by his interest 
in the younger men of the profession to whom his very life was a constant inspira 
tion, and in whose accomplishments lay his greatest pride. It is only fitting 
therefore, to append some notes on phases of Doctor Stewart’s life by one 0} 


his “boys” who was associated with him for twenty-five years. 
FRANKLIN H. Martin, M.D. 
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WRIGHT: GEORGE DAVID STEWART 839 
EORGE DAVID STEWART was born in Upper Malagash, Cumberland 
(5 County,, Nova Scotia, on the shores of Northumberland Straits, where 
the climate is ten months of winter and two months of late fall; a lovely 

place with magnificent views in the summer—when there is a summer. 

The teachers in the country school which he attended were not educated; 
but one, who influenced his life in his tenderest years, knew how to sing Methodist 
hymns, and how to read and write. His early education was fatuous, and de- 
pended largely on the library of his grandfather—a library which consisted of 
the Bible, Bunyan’s Pilgrim’s Progress, Jeremy Taylor's Holy Living and Dying, 
Boston’s Fourfold State, Baxter’s Call to the Unconverted and Saints’ Everlasting 
Rest, and the poems and songs of Robert Burns. The Bible he was compelled 
to read; Robert Burns he read from choice. Hence, he had a fine collection of the 
latter’s poems tucked away in his brain for ready reference. 

At the age of fourteen, he ran away to sea. The schooner on which he shipped 
was a slow one, and sailed steadily for six weeks. This sufficed to prove that 
seafaring was not his metier. Then by luck, on his return home, a very good 
teacher came along, and one year’s instruction under that teacher enabled him 
to teach himself. He taught a country school, later graduated from the Normal 
School, Truro, and St. Francis Xavier College, Antigonish, Nova Scotia, and served 
as the principal of a village high school. He just escaped being a preacher. 

Doctor Stewart graduated from Bellevue Hospital Medical College in 1889. 
After his internship of one year at Bellevue Hospital he was appointed preceptor 
in demonstrative anatomy, and later professor of anatomy. It was his good 
fortune to serve at Bellevue under Joseph D. Bryant, Frederic S. Dennis, and 
the elder Thayer. In 1914 he succeeded Dr. Bryant as professor of surgery, 
University and Bellevue Hospital Medical College, and it was here that he 
accomplished his greatest work. His teaching clinic was unexcelled. 

As a lecturer he had few equals. At the conclusion of each lecture he insisted 
that the notes should be destroyed. In this way, by constant re-preparation, 
he kept his mind virile. In recognition of his achievements, his friend, the late 
George F. Baker, gave a million dollars to found the George David Stewart 
Endowment for Surgery. 

He disliked writing articles on surgery. To use his words: “There is more 
loose motion in the contributions to medical science, particularly surgery, than 
in anything else except in a wooden doll or a marionette.”’ 

To estimate Doctor Stewart from his published literary contributions to 
surgery would be unfair and unjust. His impress on American surgery can be 
properly evaluated only by those who have enjoyed his care and his skill, and 
those thousands of young men who have felt the influence of his personality 
and of his character as a teacher and as a man. 


ARTHUR M. Wricut, M.D. 
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I. S. RAVDIN, BS., 


HEN William Penn founded his colony 
\ \ / in Pennsylvania in 1682, he undoubtedly 
considered the medical needs of the 
colony for he brought with him on the Welcome, 
Thomas Wynne. Griffith Owen and other men 
trained for the medical profession arrived during 
the autumn and winter of the same year. In 1711 
John Kearsley arrived and in 1717 Thomas 
Graeme. These men and others who came during 
that period acted as the teachers of their art and 
as the preceptors of the rising generation. Their 
successors were for the most part natives of this 
country. Of these, Thomas Cadwallader, William 
Shippen, Sr., Thomas Bond, Phineas Bond, John 
Redman, John Kearsley, Jr., Lloyd Zachary, 
Cadwallader Evans, and John Bard played impor- 
tant parts in the early medical activities of the 
colony. 

The older men fired the imagination of their 
apprentices with the advantages to be obtained by 
subsequent training at Edinburgh, London, Paris, 
or Leyden, and most of the younger men added to 
their preparation by studying at one of these 
places. 

“Tn the settling of new countries, the first care 
of the planters must be to provide and secure the 
necessaries of life. . . . Agriculture and mechanical 
arts, were of the most importance; the culture of 
the minds by the finer arts and sciences, was 
necessarily postponed to times of more wealth 
and leisure.”’ Thus it was that on the 24th of 
August, 1749, Benjamin Franklin announced the 
prospectus of his scheme for the higher education 
of the youth of the colony and from it developed 
the University of later years. 

Two years later Thomas Bond sought Frank- 
lin’s assistance in the building of a general hos- 
pital for the sick and injured. On the 23rd of 
January, 1751 “Sundry Inhabitants” of the 
Province of Pennsylvania had petitioned the 
Assembly for the establishment of a permanent, 
public hospital. While Franklin and Bond were 
busy arranging for the beginning of the Academy 


EARLY AMERICAN 


MEDICAL SCHOOLS 


THE EARLY HISTORY OF THE FIRST MEDICAL SCHOOL IN 
THE COLONIES—THE UNIVERSITY OF PENNSYLVANIA 


M.D., PHILADELPHIA 


to train the mind, they also found time to }\an 
the institution which was to provide the mvans 
for the founding of the Pennsylvania Hos))ital. 
The hospital was first located in a house on 
Market Street near Sixth, but on the 28th of \ay 
1755, the corner stone of what is now known as 
the East Wing was laid on the present site. 
Franklin’s inscription on the corner stone was as 
follows: 
IN THE YEAR OF CHRIST 
MDCCLV 
GEORGE THE SECOND HAPPILY REIGNING 
(FOR HE SOUGHT THE HAPPINESS OF HIS PEOPL! 
PHILADELPHIA FLOURISHING 
(FOR ITS INHABITANTS WERE PUBLICK SPIRITE!) 
THIS BUILDING 
BY THE BOUNTY OF THE GOVERNMENT, 
AND OF MANY PRIVATE PERSONS 
WAS PIOUSLY FOUNDED 
FOR THE RELIEF OF THE SICK AND MISERABL! 
MAY THE GOD OF MERCIES 
BLESS THE UNDERTAKING. 


It was thus that the Pennsylvania Hospita! and 
University were born of the same parentage and 
most of the professors in the earlier years of the 
Medical School were on the staff of the Hospital. 

Thomas Cadwallader, who had studied anat- 
omy in London under the celebrated Cheselden, 
settled in Philadelphia and gave demonstrations 
to the physicians of the locality. Since Cadwal- 
lader established himself in Philadelphia before 
1751 he was probably the first to give anatomical 
lectures in America. There was as yet no School 
of Medicine and sixteen years were to elapse be- 
fore the College and Academy could boast «f one. 

John Morgan, who had pursued his medical 
studies under John Redman, went to Europe in 
1760. For two years he attended the lectures at 
the University of Edinburgh, from which institu- 
tion he received his degree in 1763. Before going 
to Edinburgh he had attended William !unter's 
lectures in London, and subsequent to his study 
in Edinburgh he went to Paris, Holland, and 
Italy. 
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Front of first admission card to John Morgan’s lectures. 
A playing card was used. 


While in London in November, 1764, he wrote 
to Dr. Cullen in Edinburgh: “My scheme of in- 
stituting lectures you will hereafter know more of. 
It is not prudent to broach designs prematurely, 
and mine are not yet fully ripe for execution.”” He 
had discussed his plans with the younger Shippen 
while they were together in Edinburgh. Shippen 
had returned to the Province in May, 1762, and 
on November 25 of that year he announced in the 
Pennsylvania Gazette “ Dr. Shippen’s Anatomical 
Lectures will begin to-morrow evening, at six 
o'clock, at his father’s house in Fourth Street. 
Tickets for the course to be had of the Doctor, at 
five Pistoles each, and any gentlemen who incline 
to see the subject prepared for the lectures, and 
learn the art of Dissecting, Injections, etc., are to 
pay five Pistoles more.” In later years Wistar, 
who became one of the great anatomists, re- 
marked “Such was the origin of our medical 
school.” These lectures indeed proved to be the 
beginning of the broader plan of Morgan, which 
was to found the Medical School of the College 
and Academy of Philadelphia. 

John Fothergill of London had always evinced 
an interest in the medical affairs of the Province. 
The Pennsylvania Hospital having been erected, 
he took it for granted that students would resort 
to it, and well he knew the difficulties that would 
beset them in the acquisition of a knowledge of 
anatomy. To remedy this defect Fothergill em- 
ployed Rimsdyck to execute crayon paintings of 
the human anatomy. 

Shortly after Shippen returned he advised the 
managers of the Hospital that Fothergill had 
sent seven cases of anatomical drawings. In a 
letter to James Pemberton, Fothergill had writ- 
ten: “and that the means of procuring subjects 
with you are not easy, some pretty accurate ana- 
tomical drawings about half as big as the life, 
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Department of medicine. East side of Fifth street, be- 
tween Library and Walnut Streets, 1765 to 1802. Build- 
ing known as Surgeons’ Hall. 


have fallen into my hands, which I propose to 
send to your hospital... . I have recommended it 
to Dr. Shippen to give a course of Anatomical 
Lectures. ... He is well qualified for the subject, 
and will soon be followed by an able assistant, 
Dr. Morgan, both of whom, I apprehend, will not 
only be useful to the Province in their employ- 
ments, but if suitably countenanced by the Legis- 
lature will be able to erect a School of Physic 
amongst you, that will draw students from various 
parts of America and the West Indies. . . .” 
Morgan arrived in Philadelphia early in 1765 
and at a special meeting of the Trustees of the 
College and Academy, called for on the 3rd of 
May, 1765, which was attended by Thomas and 
Phineas Bond, Cadwallader and Redman, Mor- 
gan presented his plan. He brought with him a 
letter from the Proprietory, Thomas Penn, which 
was indeed laudatory. ‘Dr. Morgan has laid be- 
fore me a proposal for introducing new professor- 
ships in the Academy.... We are acquainted 
with what is proposed to be taught . . . and desire 
that he may be well received, and what he has to 
offer be taken, with all becoming Respect and Ex- 
pedition, into your most serious Consideration.” 
After considering the matter “.... The Trus- 
tees entertaining a high sense of Dr. Morgan’s 
Abilities, and the Honors paid to him by different 
Learned Bodies and Societies in Europe, they 
unanimously appointed him Professor of the 
Theory and Practice of Physick in this College.” 
On May 30 and 31 of the same year Morgan gave 
his inaugural oration “A Discourse upon the 
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Institution of Medical Schools in America.” Mor- 
gan was the first physician in Philadelphia to 
restrict himself to simply prescribing for the sick. 
“Can any man, the least acquainted with the 
nature of that arduous task, once imagine it pos- 
sible for me to acquit myself in that station in an 
honorable or useful manner, and yet be engaged 
in a continued round of practice in surgery and 
pharmacy as well as physic?”’ On September 23 
of the same year, Shippen was appointed to the 
professorship of anatomy and surgery, and on 
September 26 the following announcement ap- 
peared in the Pennsylvania Gazette “As the 
necessity of cultivating medical Knowledge in 
America is allowed by all, it is with pleasure we 
inform the public that a Course of Lectures on 
two of the most important branches of that useful 
science, viz., Anatomy and Materia Medica will 
be delivered this winter in Philadelphia... . In 
order to render these courses the more extensively 
useful, we intend to introduce into them as much 
of the Theory and Practice of Physic, of Phar- 
macy, Chemistry and Surgery as can be con- 
veniently admitted. 

“From all this, together with an attendance on 
the practice of the physicians and surgeons of the 
Pennsylvania Hospital, the students will be able 
to prosecute their studies with such advantage as 
will qualify them to practice hereafter with more 
satisfaction to themselves and benefit to the com- 
munity.” It was signed by Morgan and Shippen. 

The first class of students was enrolled in the 
fall of 1765, and of these ten were graduated with 
the Degree of Bachelor of Physic in 1768, “the 
birthday of medical honors in America.” The ques- 
tion as to whether the College of Philadelphia or 
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The first wing of the Pennsylvania hospital. 


King’s College in New York has the honor of 
priority in the awarding of medical degrees in 
this country may now be answered. The dezrees 
of Bachelor of Medicine conferred June 21, 1768, 
by the College of Philadelphia, were the tirst 
medical degrees conferred by an institution in the 
colonies. King’s College conferred the same de- 
gree for the first time in 1769 and the degree of 
Doctor of Medicine in 1770. From this it appears 
that the claim of priority in conferring degrees in 
medicine must be awarded to the College of 
Philadelphia, while the precedence in con/erring 
the Doctorate must be given to New York. 
Morgan and Shippen constituted the major 
Faculty until January 1768 when Adam kuhn 
was made professor of botany and materia medica. 
Kuhn, also, had received a part of his medical 
training in Edinburgh. 

Thus, the first medical school in North America 
was in reality an offspring of the most brilliant 
school in Europe at that time. The pro/cssors 
had unavoidably acquired an affection and jprefer- 
ence for the Scottish school’s type of instruction, 
and for many years the major portion of i\s pro- 
fessorial faculty received some of their training 
within the walls of Edinburgh. The University 
has continued to feel a very close connection to 
its patron over the seas, and the iron grill «er the 
present entrance contains the thistle. ‘The first 
medical trustees of the College were the senior 
Shippen, Thomas Bond, Thomas Cadw:llader, 
Phineas Bond and John Redman. 

A very close relationship existed betw«en the 
college and the Pennsylvania Hospit«!, and 
Thomas Bond, interested alike in both, would 
welcome the pupils and graduates of the medical 
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housed part of the medical school. 
Washington’s house. 


school attending his clinics in the latter, and this 
interest was shared by his colleagues. In this 
way, the hospital became the first clinical school 
of the College. 

Before another commencement occurred, a 
young physician, Benjamin Rush, who had also 
earned his degree at Edinburgh, was coming 
home to become the professor of chemistry in the 
new school. The average age of the four profes- 
sors was under 30 years. 

The disordered condition of society attendant 
upon the Revolution, disturbed the quiet flow of 
scientific pursuits. Several of the professors of 
the Medical School went into the army. Morgan 
and Shippen successively acted as medical direc- 
tor-general and Rush as medical director of the 
middle department, the latter being one of those 
who signed the Declaration of Independence. 

In these troublesome times of new freedom, the 
Charter of the College of Philadelphia was re- 
voked by an act of the Legislature in November, 
1779. This was the result of a feeling that the in- 
stitution, being of colonial origin and patronage, 
needed thorough reorganization in order to place 
it on a basis harmonizing with the régime of In- 
dependence. The property of the College was 
transferred to a new institution. 

The institution which took the place of the Col- 
lege of Philadelphia was called the “University 
of the State of Pennsylvania.” The trustees of 
the new school at once directed attention to 
the medical department. They requested “the 
several Medical Professors in the mean time to 
proceed in their lectures as before.” Dr. Shippen 
was the only one of the professors who at once 
accepted the position he had held in the Faculty 
of the College. Great difficulty was encountered 
informing a faculty, and in October, 1781, Thomas 
Bond was “requested to unite Lectures on the 
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The University of Pennsylvania, 1806-1829, showing the addition to the left, which 
The main building was originally built to be 


Theory and Practice of Physic with his course 
of Clinical Lectures... until such time as a pro- 
fessor of that branch of medicine be appointed 
and undertake the business.” This state of 
irregularity existed until November, 1783, when 
the former status of the professors was accepted 
by them. 

Friends of the former College were successful in 
having the charter and property of the college re- 
stored in 1789, the new institution, however, 
retaining its position as a University, with its 
endowment from confiscated estates. 

There existed then two medical schools with a 
somewhat interlocking faculty. Shippen taught 
in both schools; Kuhn only in the University, 
while Wistar took the chair of Chemistry at the 
College. James Hutchinson became professor of 
chemistry in the University, and Rush became 
professor of theory and practice in the College. 
Morgan died at this time. The College decided to 
abolish the degree of Bachelor of Medicine and to 
confer only the Doctorate. 

The field for two establishments proved to be 
too restricted, and after party spirit had subsided 
and factional strife lulled to rest, it was realized 
that in union there would be additional strength. 
An amicable adjustment was brought about in 
September, 1791. It was agreed that the name of 
the united school was to be ‘““The University of 
Pennsylvania.” In the inaugural lecture delivered 
by Benjamin Rush in November, 1791, he said 
“T should do violence to my feeling should I pro- 
ceed to the subjects of the ensuing course of 
lectures, without first congratulating you upon 
the union of the two Medical Schools of Philadel- 
phia, under a Charter founded upon the most 
liberal concessions by the gentlemen who pro- 
jected it.... By means of this event, the ancient 
harmony of the different professors of medicine 
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1829 to 1873. On the 


The University of Pennsylvania, 
left is Medical Hall. 


will be restored and their united efforts will be 
devoted, with accumulated force, towards the 
advancement of our Science.” 

The new faculty consisted of the professors of 
both schools. The announcement gave the profes- 
sors and their subjects as follows: 


William Shippen, M.D. 
Casper Wistar, M.D., 
Adjunct. 


Anatomy, Surgery and 


Theory and Practice of 

Institutes of Medicine and 
Clinical Medicine......... 


Adam Kuhn, M.D. 
Benjamin Rush, M.D. 


James Hutchinson, M.D. 
Materia Medica and 
Samuel P. Griffiths, M.D. 


Botany wins 3 Natural History. Benj. Smith Barton, M.D. 


In 1805 a change was deemed to be expedient 
in the chair which had been held so long and 
honorably by Shippen. Surgery had remained in 
association with anatomy and obstetrics. Philip 
Syng Physick, who since 1794 had been one of the 
surgeons to the Pennsylvania Hospital, was 
elected professor of surgery. At this time the 
mother school in Edinburgh still combined 
anatomy and surgery in one chair. He filled the 
chair for 14 years, at which time he became pro- 
fessor of anatomy. One of his last major opera- 
tions was one on Chief Justice Marshall for the 
removal of a stone in the bladder. Physick truly 
deserves the appellation so frequently applied to 
him “Father of American Surgery.” 

Shippen died in 1808. He had been a great 
teacher and had played a very important rdéle in 
the early history of Philadelphia medicine. He 
was succeeded by Casper Wistar, who at irst 
taught both anatomy and midwifery, but in 1810 
the combined chair of anatomy and obstetrics was 
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divided. Thomas Chalkley James was elected 
professor of midwifery, but it was not until 15; ; 
that attendance upon his lectures was mile 
obligatory for graduation. Wistar died in 18:8. 
He was an ardent advocate of the use of moicls 
in teaching. His extensive group of models )d 
specimens were presented to the University «jd 
were for years styled the Wistar Museum. It \as 
greatly enlarged by two of Wistar’s illustr us 
successors, Horner and Leidy. In 1819 the chair 
of surgery was awarded to William Gibson, \ ho 
at the time was professor of surgery in the | ni- 
versity of Maryland, whose Schocl of Medicine 
was founded by Pennsylvania’s first medical 
graduate, John Archer. Dewees, who had heen 
adjunct professor of obstetrics, succeeded Jimes 
in 1834. He was the first authoritative writer on 
this subject in America and may truly be regia rled 
as the “Father of American Obstetrics.”’ 

With the separation of the important c)airs 
into individual units, the School of Medicine of 
the University had begun the second period «/ its 
development. Those who succeeded maini:ined 
the high standard already set for them. The 
names of Horner, Leidy and Piersol, of Hare and 
Coxe; of Agnew, and John Ashhurst; of George 
B. Wood, Horatio C. Wood, of the William 
Peppers; Stille and Osler; of Mills and the Nor- 
rises; of Hodge, Goodell and R. A. F. Penrose; of 
Guiteras, Durhing, and many others fill an im- 
portant niche in the history of American Mecicine 
in the nineteenth century. 

Philadelphia maintained its reputation «s the 
medical center of the country. The splendid 
clinical instruction which had been begun in the 
Pennsylvania Hospital in 1766 by Thomas Bond, 
in connection with the medical lectures at the 
College, was expanded. The instruction was 
given at the bedside and in the clinical amphi- 
theater. 


Clinical opportunities were also afforded «1 the 
Philadelphia Almshouse (Blockley), the 
Philadelphia General Hospital. It had go: into 
operation before the Pennsylvania Hospit«!, but 
not strictly as a hospital. In it was esto| lished 
the first obstetrical clinic for students, as curly as 
1770. For periods of time students were ¢\: ‘uded 
but after 1805 every successive year fown! the 
prejudices, which had operated so long, moe and 
more removed. The Managers with e«) suc 
ceeding year were seized with an active «ire to 
foster and promote any method which con: “i)uted 
to the hospital’s usefulness as a teaching |nstitu- 
tion. 

In 1872 William Pepper, Jr., had the pe 2° 
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to realize the importance of having a |) 
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_ which should be an integral part of the Medical 
School. Largely through his efforts the present 


hospital of the University of Pennsylvania was 
built, the first hospital controlled by, and built for, 
a school in America. 

Shippen’s lectures had been delivered for years 
in apartments built in the rear of his father’s 
home on Fourth Street. The other lectures were 
first probably given in the old Academy Building. 
The first building especially built for the use of 
the Medical Professors was situated on Fifth 
Street, and was called ‘‘Surgeon’s Hall.” 
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In 1802 the Medical School was partly moved 
to a former state building, built for the president, 
on Ninth Street, between Chestnut and Market 
Streets, and in 1806 an additional building was 
built on Ninth Street, and it was further enlarged 
in 1817. The school grew and accommodations 
rapidly became inadequate. The Trustees ordered 
that all buildings be removed and in 1829 built, 
what for many years, was known as Medical Hall. 
It was not until 1873 that the Medical School was 
moved to the present University site west of the 
Schuylkill River. 
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FURTHER OBSERVATIONS ON THE 
ROLE OF BILE IN HIGH INTESTINAL 
OBSTRUCTION 


To the Editor: In a previous paper Benedict, 
Stewart and Cutner! reported the results of cer- 
tain experiments on the réle of bile in high intestinal 
obstruction. Although the results were not entirely 
conclusive they seemed to indicate that, when ob- 
struction of the intestine was so high that no bile 
could be reabsorbed, benefit might be derived from 
administration of bile below the obstruction. 

In the course of further experiments on high in- 
testinal obstruction in dogs, all bile was diverted 
from the intestinal tract by cholecystostomy and 
ligation of the common bile duct. Obstruction of 
the intestine was carried out a week later by com- 
pletely severing the bowel just below the ampulla of 
Vater, by inverting the proximal end, and sewing a 
catheter into the distal end for use as an enterostomy. 
Through this catheter, sufficient normal saline was 
administered twice a day to maintain water balance 
and normal blood chlorides. The cholecystostomy 
catheter was connected to a small rubber balloon and 
the bile withdrawn once a day. 

One such animal survived for 38 days, at which 
time malnutrition probably was the most important 
factor in causing death. At no time was there any 
evidence of bile in the vomitus or stools, and autopsy 
revealed no accessory bile ducts. As this period of 
survival is longer than any heretofore reported in so 
high an intestinal obstruction the experiment would 
seem to disprove the theory that the presence of bile 


_ 1 Benedict, E. B., Stewart, C. P., and Cutner, P. N. The rdéle of bile 
in high intestinal obstruction. Surg., Gynec. & Obst., 1932, liv, 605. 


CORRESPONDENCE 


either above or below an obstruction of the intestine 
is a factor of any significance in the length of sir- 
vival of the animal. Death in high intestinal «\)- 
struction, when the water and chloride balance is 
maintained, is probably due largely to malnutrition. 
Epwarp B. BEnepict, M.1). 

Boston. 

The author wishes to acknowledge with thanks the 
technical assistance of I. J. Thorne and D. G. Friend, 
students at the Harvard Medical School. 


NEW MUSCLE-SPLITTING INCISION FOR 
RESECTION OF THE UPPER THORACIC 
SYMPATHETIC GANGLIA—A COR 
RECTION 


In publishing this article in the March, 1933, issue, 
pages 651-657, a regrettable error was made which 
disarranged the order of the illustrations, certain of 
the plates appearing with incorrect legends. ‘Io cor- 
rect the error the following changes should be noted: 
The plate appearing as Fig. 3 should be Fig. 1: l’ig. 7 
should be Fig. 2; Fig. 4 should be Fig. 3; lig. 
should be Fig. 4; Fig. 2 should be Fig. 7—Eprror. 


= 


JOHN B. MURPHY 


Material is being collected for an authorized 
biography of Dr. John B. Murphy. If any reader of 
this JouRNAL has in his possession letters from Dr. 
Murphy, knowledge of facts concerning his lile, or 
any other data, it would be appreciated if they were 
sent to the Editors. All material will be returned 
promptly and the source credited. 
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SYNERGISTIC GANGRENE! 
FRANK L. MELENEY, M.D., F.A.C.S., 


New York 


Assistant Professor of Surgery, Columbia University 


interest in the problem of gangrene of the 
skin due to the invasion of micro-organ- 
isms. The literature in this field indicates that 
there has been great difficulty in the minds of 
some observers regarding the proper classifica- 
tion of these disorders. Many authors have 
reported late diagnosis, late institution of 
treatment, extensive destruction of tissue, long 
hospitalization, and high mortality. This is 
due partly to the fact that these diseases (ex- 
cept gas gangrene) are relatively rare, so that 
few observers have been able to report more 
than a single case. Confusion has further re- 
sulted from the fact that bacteriological 
studies have frequently been made so late in 
the course of the disease that it has been 
difficult to appraise the importance of the 
bacteria which have been found and fre- 
quently cultural methods have been used 
which were not suitable to reveal the signifi- 
cant organisms. It is with the purpose of 
clarifying this subject, to some extent, that 
the present paper is written, because the treat- 
ment of the various groups differs markedly 
and a delay in diagnosis results in a delay in 
instituting the proper treatment. 
In infectious gangrene, bacteriological stud- 
ies are essential if we are to learn anything 
about the pathogenesis of these infections and 


[; recent years there has been considerable 


improve our method of treatment. These 
studies should be made early in the course of 
the disease and cultures should be taken from 
various parts of the lesion, particularly in the 
zone of advance. Anaerobic, as well as aerobic 
methods must be employed and culture media 
be used which is suitable for the growth of any 
organisms which may be present. It is ob- 
vious that this cannot be done in the great 
majority of cases, for many of them are seen 
either at home or in the office or in hospitals 
which are not fully equipped to make a com- 
plete bacteriological study. Furthermore the 
time required for the complete bacteriological 
analysis of any given case makes the study of 
little value as a basis of treatment for that 
particular case, particularly if the onset is 
sudden and the course is rapid. For all of 
these reasons it is essential that there should 
be a clinical differentiation by which any one 
seeing a case for the first time may recognize 
it at once and promptly institute the proper 
treatment. An attempt has been made, there- 
fore, in the following paragraphs to give a 
practical clinical differentiation between cer- 
tain types of infectious gangrenous processes 
of the skin and subcutaneous tissues. 

The most important division of these cases 
is into acute and chronic groups. In the for- 
mer a diagnosis should be made within a few 


‘From the Bacteriological Research Laboratory of the Department of Surgery, College of Physicians and Surgeons, Columbia University and the 
Presbyterian Hospital, New York, New York. 
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hours. In the latter it may be safely made 
within a few days. 


ACUTE GANGRENE 


Acute infectious gangrene may be divided 
into two subgroups of great importance. 
These differ in so many features that they 
ought not to be confused. The first is rela- 
tively common: namely gas gangrene. It was 
seen during the war by every army surgeon. 
This is so well known in this generation that it 
is hardly necessary to go into details with re- 
gard to it in this paper except to differentiate 
it from the other groups. Let us hope that the 
coming era of World Peace under the League 
of Nations and the Pact of Paris will make it a 
rare disease. 

GAS GANGRENE 

Gas gangrene has recently been excellently 
reviewed by Wan and by Davison and in- 
dividual cases have been reported by Linton, 
Shearer, Sarlin, Maes, and Butler. Gas 
gangrene not infrequently develops in a 
deep, punctured, or lacerated wound, which 
extends down into muscle and carries with it 
such foreign bodies as clothing, missiles, 
powder, or street dirt. A large proportion of 
the cases of gas gangrene in civil practice 
follow compound fractures. Likewise occa- 
sional cases develop after operation following 
the amputation of gangrenous lower extrem- 
ities in diabetics or arteriosclerotics. The 
possibility of its development in these cases 
should always be kept in mind because certain 
precautions may be taken to prevent its 
occurrence and its early recognition is essen- 
tial for its successful treatment. 

Symptomatology. The onset of the disease is 
usually associated with an abrupt rise in 
temperature and pulse rate. The pulse ap- 
proaches 120 and the fever reaches 103 to 
105 degrees. There is general malaise, marked 
prostration and restlessness as well as appre- 
hension. There is usually an increase of pain 
in the wound. This may be masked if the 
wound has been painful from the first. An 
examination of the wound usually reveals 
swelling and cedema with redness and acute 
tenderness. Gentle pressure on the margins of 
the wound usually produces a sanguino- 
purulent exudate in which gas bubbles may 
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be seen. A smear made from this exudate wil] 
almost invariably reveal large numbers of 
large gram positive bacilli. Gentle palpation 
of the tissues may. reveal crepitus, but this 
may not be appreciated in the early stages. 
An X-ray film will frequently demonstrate 
gas in the tissues even before it can be felt, 
To an experienced observer with a keenly dis- 
criminating sense of smell, there is a charac- 
teristic acrid or “‘mousy”’ odor. 

When the infection has gained a foothold it 
spreads rapidly, the patient becomes very jill, 
fever remains high, the pulse rate increases, 
and crepitation around the wound is evident. 
This may advance appreciably from hour to 
hour. The spread of the disease is chiefly in 
the muscles. It may be confined to a single 
muscle from the wound margin up to its 
origin, leaving the neighboring muscles [ree 
but usually it spreads up the neighboring 
groups as well to a varying extent from the 
wound. The skin at the wound margin be- 
comes first red and then dusky. The recness 
and oedema spread for a moderate distance 
around the wound but not extensively. Grad- 
ually the skin at the margin becomes dark and 
necrobiotic while the reddened area away {rom 
the margin takes on a yellowish brown or 
bronzed tint. Gangrene of the skin is gencrally 
limited to the margin of the wound and if 
the disease spreads extensively in the muscle, 
the gangrene of the skin slowly advances but 
it does not appear in isolated patches away 
from the margin. In untreated cases gas 
gangrene is rapidly progressive and almost 
invariably ends fatally. 

Etiology. The gas gangrene organisms are 
anaerobic bacteria which differ from one an- 
other in their cultural characteristics and in 
the specific toxins which they form. There are 
four different species which are pathogenic for 
man and although they rarely occur in pure 
culture in gangrenous processes, they are be- 
lieved to be able, alone, to produce the general 
and local symptoms of gas gangrene and their 
specific toxins may cause death. However, 
they are frequently associated with other 
organisms and there may be a synergistic 
action enhancing the virulence of the patho- 
genic anaerobes or the associated organisms. 
The most common of the gas gangrene organ- 
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isms is Bacillus aerogenes capsulatus (Clos- 
tridium welchii). The others are Bacillus 
cedematiens (Clostridium novyi), Vibrion 
septique (Clostridium cedematis maligni), and 
Bacillus sordellii (Clostridium oedematoides). 
The 3 last are more rarely found and if any 
one of these organisms is present, the local 
signs vary somewhat from that already 
described in that there is more cedema and 
induration of the tissues and less gas forma- 
tion. 

Treatment. With the earliest signs of this 
disease a stained smear of the exudate should 
be made if possible. If the signs are un- 
mistakable or if in doubtful cases large gram 
positive bacilli are numerous in the smear, 
immediate operative interference is of the 
utmost importance. This procedure should 
not wait upon the cultural determination of 
the organisms. The wound should be com- 
pletely excised and all foreign bodies and all 
necrotic tissue should be removed. In- 
dividual muscles should be explored and any 
inactive or devitalized muscle tissue should be 
removed. Anti-gas-gangrene serum should be 
used in large quantities. The serum which is 
now available is more potent and more con- 
centrated than that which was formerly 
prepared and is effective against all of the 
known pathogenic gas gangrene organisms as 
well as tetanus. Concentrated monovalent 
and polyvalent sera are now available in 
“therapeutic doses.” Depending on the 
severity and extent of the infection one or 
more “therapeutic doses” should be given 
intravenously as soon as the diagnosis is made 
and repeated every 8 hours until there is 
definite subsidence of local and general symp- 
toms. If it is not possible to determine by 
culture what organisms are present, a poly- 
valent serum should be used, but if an analysis 
of the flora of the wound has been made, the 
specific antiserum should be administered in 
subsequent treatments. 

There is a considerable difference in opinion 
as to whether amputation should be done in 
these cases. In certain regions of the body 
amputation is out of the question. However, 
even In a good many cases in which amputa- 
tion may be done quickly and safely, if the 
disease is diagnosed soon after its develop- 
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ment, amputation is not indicated. Adequate 
opening of the wound and removal of dead 
tissue and the administration of serum is fre- 
quently effective and results in the subsidence 
of the process. Although it is likely that am- 
putation has been done in the severer cases, 
the statistics would seem to indicate that the 
mortality in amputated cases is not apprecia- 
bly lower than in those in which that proce- 
dure is not employed. 


HZMOLYTIC STREPTOCOCCUS GANGRENE 


Since the author’s first report (60) in 1924, 
this infection has been described by Gage and 
by Jen, as well as in briefer reports by 
Mainzer, Bate, Fallon and Bettmann, and by 
the writer (61, 62). This disease may occur 
following a deep wound but is more likely to 
follow a much more trivial injury. Sometimes 
the injury is so slight that it appears to be a 
spontaneous infection but in general there is a 
history of a superficial injury of the skin, a 
scratch, a cut, or a hypodermic injection. It 
generally occurs on the extremities but may 
involve any part of the body. In the earlier 
literature some of these cases have been 
described as phlegmonous or gangrenous 
erysipelas but there are striking differences 
between this disease and erysipelas which will 
be brought out later. 

Symptomatology. The disease is character- 
ized by the sudden onset of pain and swelling 
at the site of injury. The part becomes red, 
hot, swollen, and heavy and while at first it 
may be very painful it later becomes numb 
or anesthetic. The redness spreads rapidly 
during the first 2 days and may be very 
marked, but the margins fade out into the 
normal skin and are not raised as in erysipelas. 
The temperature generally does not rise over 
ror to 102 degrees, except in rare instances 
when the illness is ushered in with a chill. 
Then the temperature may reach 103 to 104 
degrees. On the other hand the pulse rate is 
rapid, frequently approaching 120. Prostra- 
tion is marked but instead of irritability, there 
is usually a marked lassitude on the part of 
the patient. He becomes indifferent to his 
surroundings and has a total lack of apprecia- 
tion of the severity of his illness. On the 
second, third, or fourth day the pathogno- 
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monic sign of the disease appears. This should 
be watched for in any acute fulminating in- 
flammation. The sign is a dusky coloring of 
the skin appearing as a small purplish patch 
with irregular and ill defined margins. It may 
be some distance from the portal of entry. 
It has a bluish tinge which makes it distinct 
from the brilliant redness of the surrounding 
skin. At the same time a large blister or bulla 
may appear over this dusky area or some- 
where else upon the red surface. These areas 
may extend very rapidly and changes in them 
may be seen from hour to hour. If proper 
treatment is not instituted at once other 
dusky patches may develop nearby, and these 
areas may later fuse so as to form a large 
plaque of gangrenous skin. In untreated cases 
about the seventh, eighth, or ninth day, if the 
patient survives, this necrotic skin becomes 
more sharply demarcated from the rest of the 
skin and a little later partial separation takes 
place along the edges. While the gangrene is 
developing, the diffuse redness continues to 
spread. The patient becomes more and more 
prostrated, fever ranges around 102 to 103 
degrees, and metastatic foci may develop in 
the lungs, in joints, or elsewhere in the body. 
Frequent sites for these metastatic lesions are 
the subcutaneous tissues at pressure points or 
elsewhere. These metastases frequently form 
with very little redness but with a definite 
swelling and rapid formation of pus. In a few 
untreated cases the process comes to a stand- 
still about the end of the second week, the 
slough separates, and large plaques of necrotic 
subcutaneous fat may separate beneath a 
relatively normal skin. But most untreated 
cases go on to rapidly overwhelming toxemia 
with septicemia, extensive metastases, and 
death. On the other hand, if proper treatment 
is instituted early, the whole process generally 
comes to an abrupt standstill and cases 
thought to be hopeless go on to rapid resolu- 
tion and recovery. In the series of cases re- 
ported from China the mortality was 20 per 
cent but in the cases that I have seen in this 
country the mortality has approached 50 per 
cent. This higher mortality may indicate a 
difference in resistance to the hemolytic 
streptococcus between Chinese and Ameri- 
cans or it may be simply a question of late 
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recognition and late treatment. In the series 
which we reported from China the disease 
was so common that earlier recognition of it 
was possible. When an adequate operation 
was promptly performed, all of the cases 
which were not in extremis on admission 
responded. satisfactorily to the treatment, 
With most of the cases which the writer has 
seen outside of the hospital, diagnosis has 
been made late and the treatment has been 
delayed or inadequate. Under these circum- 
stances the prognosis must be guarded, for in 
such cases septicemia is common and metas- 
tases frequent. 

This disease is essentially a gangrene o! the 
subcutaneous tissue with secondary gangrene 
of a part of the overlying skin, resulting from 
a thrombosis of the skin arteries which pass 
through the sloughing subcutaneous fat. The 
subcutaneous gangrene may extend for a long 
distance beyond the area of skin gangrene. 
Through this extensive subcutaneous slough 
patent blood vessels may be found supplying 
the relatively normal skin. 

Etiology. The hemolytic streptococcus is 
always found in these cases and in the great 
majority of cases it may be found in pure 
culture out in the advancing margin of the 
subcutaneous necrosis. Beyond the limit of 
subcutaneous necrosis there is a zone of red- 
ness and cedema which yields a sterile culture. 
This is in striking contrast to erysipelas for, 
in the latter disease, streptococci are most 
numerous in the advancing margin of redness 
and even beyond it in relatively normal skin. 
It must be assumed that in hemolytic strep- 
tococcus gangrene there is a toxin widely dif- 
fusible in the skin and subcutaneous tissues 
which gives rise to the rapidly spreading zone 
of redness. In the early stages the hwmolytic 
streptococcus is also found in pure culture 1 
the dusky areas of purplish discoloration and 
in the fluid of the blisters or bull. Later 
when the gangrene separates, other organisms 
may contaminate the field but usually do not 
spread widely. It is almost certain that these 
associated organisms play no part in the 
development of the disease and that it 1s, " 
fact, a pure hemolytic streptococcus infection. 
The rapidity of its development and the & 
tensive necrosis which it causes, suggest that 
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the peculiar characteristics of the onset of the 
infection may be due to a hypersensitivity 
similar to the Shwartzman phenomenon (82) 
or the Arthus phenomenon (3). Certain cases 
seem to illustrate one type and other cases the 
other. The allergic etiology has not yet been 
proved beyond question and it is difficult to 
prove because according to Shwartzman 
streptococci can produce the secondary nec- 
rotizing effect but cannot produce the primary 
sensitizing effect of the phenomenon. The 
sensitizing phase may be and probably is non- 
specific. Another theory is that the organisms 
have some special predilection for the sub- 
cutaneous tissues or produce a ferment which 
acts quickly upon the subcutaneous connec- 
tive tissue and fat. However, efforts which 
have been made to demonstrate such ferments 
have proved unsuccessful. These tests have 
not been done, however, with recently re- 
covered strains of the organism. 

Treatment. Surgery should not be delayed 
an hour after the diagnosis has been made. 
Contrary to the usual procedure either in 
erysipelas or in streptococcus cellulitis of the 
ordinary kind, longitudinal incision should be 
made at once through the gangrenous area 
and should extend in both directions just 
beyond the limits of the subcutaneous 
necrosis. Incision should be radical rather 
than conservative and long, single incisions 
serve the purpose better than multiple, small 
incisions in any given axis. The effect of these 
incisions is to relieve tension and at least 
partially to drain the involved area. This 
improves the blood supply and turns the flow 
of drainage away from the advancing margin. 
After operation, hot water soaks or hot poul- 
tices should be applied until the cellulitis 
subsides. This usually requires 2 to 3 days. 
Then Dakin’s fluid should be applied by means 
of tubes or frequently changed compresses to 
favor the rapid separation of the slough. Each 
day as much of the slough as can be removed 
without bleeding, should be cut away. If 
incisions are early and adequate, the process 
will promptly subside and patients who look 
desperately ill when first seen, will show re- 
markable improvement and go on to complete 
tecovery. But if operation is delayed for 24 
hours after the pathognomonic signs appear, 


the chances of recovery will be greatly dimin- 
ished and the extent of subsequent skin 
necrosis will be greatly increased. 

Differential diagnosis. Fulminating types of 
gangrene generally fall either into the gas 
gangrene group or into the hemolytic strep- 
tococcus gangrene group. They should not be 
confused, for in the former the injury is al- 
most always deep and the invasion is largely 
in the muscular layers with gas formation and 
crepitation both in the muscle and in the sub- 
cutaneous tissues while the skin is relatively 
free. In hemolytic streptococcus gangrene on 
the other hand the injury is usually superficial 
and the spread is almost always in the sub- 
cutaneous tissues with early involvement of 
the skin and without any crepitation. In gas 
gangrene the general symptoms are alarming 
and the local signs relatively mild. In 
hemolytic streptococcus gangrene the local 
signs are alarming and the general symptoms 
relatively mild. While both infections are 
primarily due to specific organisms, infection 
may be rendered more severe by the associa- 
tion of other bacteria. However, in the case 
of gas gangrene these organisms generally gain 
a foothold at the same time or before the 
organisms of the gas gangrene group, whereas 
with hemolytic streptococcus gangrene, the 
hemolytic streptococcus is alone responsible 
for the initiation of the infection and secon- 
dary contaminants only grow after there has 
been a break at the margin of the gangrenous 
portion of the skin. Stained smears of the exu- 
date in gas gangrene show many gram positive 
rods while in streptococcus gangrene the exu- 
date contains only gram positive diplococci. 

Hemolytic streptococcus gangrene has been 
frequently confused with erysipelas, which is 
likewise caused by a hemolytic streptococ- 
cus, but certain features sharply distinguish 
them. In both diseases, the onset is sudden 
but in erysipelas the general symptoms over- 
shadow the local, there is usually a chill and a 
sudden rise of temperature to 103 to 105 de- 
grees and the patient becomes apprehensive or 
irritable. In hemolytic streptococcus gan- 
grene the local symptoms overshadow the 
general, a chill is rare, the temperature does 
not often go as high as 103 degrees. The 
patient is indifferent rather than apprehensive 
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and dull rather than irritable. In erysipelas 
the redness starts in a small area and spreads 
perceptibly but rather slowly with a red raised 
margin at least in a part of its periphery. 
There is very little swelling of the part and the 
tissues are soft. As it spreads, the center 
becomes pale again. In hemolytic streptococ- 
cus gangrene the onset is sudden, the affected 
part very rapidly becomes swollen and heavy, 
swelling and redness may spread up the whole 
extremity or widely over the body in 24 to 48 
hours, but the margin of redness is not raised 
and is generally indistinct as it fades off into 
normal skin. The center does not become pale, 
but bulla form and dusky areas appear on the 
third, fourth, or fifth day and go on to frank 
gangrene. Lymphangitis and lymphadenitis 
are rare but phlebitis is fairly common. In 
erysipelas, organisms may be cultivated at and 
beyond the spreading margin (95) but not in 
the center while in hemolytic streptococcus 
gangrene there is a wide zone of redness in 
which cultures yield no growth but organisms 
are found in the blisters or bullae and in the 
subcutaneous tissues out to the limit of the 
necrotic zone. Erysipelas may develop at any 
time during the course of this disease just as 
it may develop from any hemolytic strepto- 
coccus wound. The writer has seen it just three 
times in the 45 or 50 cases of hemolytic 
streptococcus gangrene which have come 
under his observation. 

It seems likely that Fournier’s cases of 
gangrene of the scrotum, penis, and vulva 
belonged to the hemolytic streptococcus 
gangrene group. When he made his early re- 
ports, the cause was not known, but some of 
Fournier’s pupils who studied the disease in 
later years, believed the streptococcus to be 
responsible. Bodin, however, reported a case 
of gangrene of the vulva in which there were 
not only streptococci but fusiform bacilli and 
spirilla which he thought were significant. 
Milian and Nativelle believe that they have 
found a specific organism of the Bacillus pro- 
teus group which produces gangrene of the 
skin in animals, and is, they think, the im- 
portant factor in human gangrene of the skin. 
However, in 13 of 14, they found it associated 
with a streptococcus (not further classified) 
and they admit that they believe that “the 
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streptococcus opened the door to the invasion 
of this organism.” They found their organism 
in cases which were not at all alike clinically, 
Some were acute and others chronic. The 
acute cases which they describe may very well 
fall into the hemolytic streptococcus gangrene 
group. The organism which they found scems 
more likely to have been a secondary invader, 
Culturally it can hardly be distinguished from 
other organisms of the Bacillus proteus group. 
It grows aerobically and profusely in all media, 
It spreads very quickly over a blood agar 
plate and, when present, makes the recovery 
of associated organisms very difficult. This 
prolific growth would lead one to believe that 
when it is ot found it is surely absent from the 
lesion. This can not be said of organisms more 
difficult to grow or organisms requiring 
anaerobic environment. The fact that Milian’s 
organism was not recovered more often in the 
series of streptococcus gangrene cases seen by 
the writer in China which were previously re- 
ported (60) and is not often found-in gas 
gangrene, would seem to indicate that it is 
not a common or an important factor in the 
production of either of these forms of gangrene. 
Although it may occur more often in gangrene 
of the scrotum than in gangrene elsewhere 
because of the proximity of the anus, it was 
absent in the two cases of fulminating gan- 
grene of the scrotum which the author has 
seen, both of which were typical hemolytic 
streptococcus gangrene. Bodin also, in re- 
viewing the subject of fulminating gangrene o! 
the genitals, does not concede the theory oi 
Milian and Nativelle that their Bacillus gan- 
gren cutis (which was absent in his case) is of 
any significance as the cause of fulminating 
gangrene of the genitals. 

The differential diagnosis of these acute dis 
eases may be conveniently summarized in 
chart form (Table I). 


CHRONIC GANGRENE 


Cases of chronic infectious gangrene may be 
classified into three or four important sub- 
divisions. Their differentiation is clinically 
more difficult than that of the acute cases. 
Each type has a number of distinguishing 
characteristics although in some instances the 
diagnosis may have to await a bacteriologica! 
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I—DIFFERENTIATION OF ACUTE CASES 


Pathology 


853 


Treatment 


Extensive death of muscle. Fi- 
bers broken by gas formation. 
May spread whole length of a 
single muscle. Exudate loaded 
with gram positive rods. Rela- 
tively few pus cells. Negative 
chemotaxis for W.B.C. 


Prompt operation. Removal 
of all foreign bodies and 
dead tissue. Complete dé- 
bridement of wound. 

Early administration of 
large quantities of polyva- 
lent or specific serum. 


Extensive necrosis of subcuta- 
neous tissues with a wide zone 
of sterile eedema beyond the 
limits of necrosis. Heavy exu- 
dation of fluid and polymor- 
phonuclears at first and later 
large mononuclear phagocytes. 
Bacteria found all through the 
necrotic subcutaneous fat and 
in the blisters and bulla. 
Thrombosis of some of blood 
vessels to overlying skin which 
becomes gangrenous. 


Prompt operation. Long in- 
cisions to the limits of the 
subcutaneous necrosis. Re- 
lease of all tension. Re- 
moval of necrotic tissue as 
soon as possible with a 
minimum of bleeding. Hot 
applications of moist heat. 
until subsidence of cellu- 
litis. 

Skin grafting if defect is 
extensive. 


Slight swelling and thickening of 
skin. No oedema of subcuta- 
neous fat. Bacteria in and be- 
yond advancing zone and not 
in center of lesion. 


No operation. Soothing 
local applications. Ultra- 
violet light. Serum in 
severe cases. 


TABLE 
Name Etiology Symptomatology 
Gas gangrene | Deep wound into muscle. Sudden onset. Profound general 
Gram positive spore form- symptoms. High fever, rapid 
ing anaerobic rods. pulse, apprehension, irritabil- 
Early development of vari- ity. Relatively mild local signs. 
ous kinds of associated Limited redness, swelling, and 
bacteria. oedema of skin. Crepitation. 
Dusky wound margins. Bronz- 
ing of skin. Limited gangrene. 
Hemolytic Superficial wound. Sudden onset. Relatively mild 
streptococcus | Pure culture hemolytic general symptoms. Low fever 
gangrene streptococcus. but rapid pulse. Lassitude, in- 
No other bacteria or late difference, somnolence. Alarm- 
occurrence of a few other ing local signs. Extreme red- 
species after gangrenous ness and oedema without sharp 
skin has separated. margins. Irregular dusky areas 
on third, fourth, or fifth day. 
Blisters and bulle. Rapidly 
developing extensive gangrene. 
Erysipelas Superficial wound. Pure Sudden onset. Profound gen- 
culture of haemolytic strep- | eral symptoms. Chill. High 
tococcus. No associated fever. Rapid pulse. Appre- 
bacteria. hension. Irritability. Slowly 
but steadily spreading area of 
redness with little or no swell- 
ing. Sharp raised margins. 


analysis. Fortunately, the progress of these 
diseases is slow and time is given for a 
bacteriological study which may be used as 
the basis for treatment. While all of these 
groups are characterized by some distinctive 
clinical features, it seems certain that in each 
type the characteristic lesions are produced 
not by one organism as in the acute cases but 
by a special combination of two or more 
organisms. These diseases may, therefore, be 
called synergistic infections. They may be 
conveniently named as follows: (1) post- 
operative progressive bacterial synergistic 
gangrene of the abdominal or chest wall; 
(2) gangrenous impetigo (echthyma); (3) fuso- 
spirochetal infection of the skin; (4) amoebic 
infection of the skin. 


POSTOPERATIVE PROGRESSIVE BACTERIAL 
SYNERGISTIC GANGRENE 


One of the most striking examples of chronic 
gangrene of the skin is that which occasionally 
lollows the drainage of a deep abscess either 
in the peritoneal cavity or in the chest. Con- 
‘iderable interest has been taken in this 
condition since 1924 when Cullen described a 
case which was thought at the time to be first 
onrecord. It has been reported so frequently 
‘ince then that there seems to be no doubt 
that it occurred frequently before that time 
and was reported but the titles as they appear 


in the Index Medicus or Surgeon General’s 
Library Index fail to reveal these reports 
definitely and they are obscured by the great 
mass of literature on the general subject of 
gangrene. Since Cullen’s publication, cases 
have been reported by Brewer and Meleney, 
Alexander, Shipley, Gillespie, Hellstrém, 
Freeman, Mayeda, and more recently by 
Ballin and Morse (Case 4), Lynn, Meleney 
(63), Baker and Terry, Horsley (Case 1), 
Carol, and Kappis (Case 3). In this group 
also belong the cases of Christopher, Ballin 
and Morse (Case 2), Poate, and Patterson, all 
of which involved the chest wall following the 
drainage of an empyema. A few cases have 
been reported which developed spontaneously, 
e.g., Luckett, and Kappis (Case 1), or after 
clean operations in poorly nourished tissue, 
e.g., Kappis (Case 2), or after operations on 
frankly infected tissue, e.g., Probstein and 
Seelig. Inasmuch as anaerobic cultures were 
not made in these cases and the clinical course 
is not perfectly clear we cannot say with 
certainty whether or not they belong in this 
group but it would seem to be possible for the 
organisms causing this infection to be intro- 
duced into the tissues of the abdominal wall 
from without rather than from a deep abscess. 

Symptomatology. In the majority of the 
cases which have been reported, the gangrene 
has followed the drainage of a peritoneal 
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abscess. It usually begins to appear about the 
end of the first or second week after operation, 
either as an infection of the whole wound or as 
a localized induration about retention sutures. 
At first the wound becomes red, swollen, and 
tender. Within the next few days the wound 
margins or the stitch holes develop a car- 
bunculoid indurated appearance. The center 
of activity becomes purplish in color while the 
outer zone takes on a brilliant red tint. The 
whole region becomes exquisitely tender. This 
symptom is an outstanding feature of the 
disease. Within a few days the purplish areas 
become frankly gangrenous. The color of the 
dead skin changes to a dirty greyish brown 
and the surface is dull like suede leather. The 
purple zone spreads outward into the red and 
as it does so the skin becomes swollen and 
stands up above the normal skin level. The 
central side of the purple zone, toward the 
gangrene, is sharply defined but on the outer 
side it fades off into the red zone which slowly 
advances in all directions. The gangrenous 
skin is firmly adherent to the purple zone and 
there is very little undermining of normal skin. 
As the process advances, the gangrenous skin 
liquefies on its inner margin so that, as it en- 
croaches on the purple zone and the circum- 
ference of the whole lesion enlarges, the width 
of the three zones remain fairly constant. As 
the inner margin of the gangrenous zone 
liquefies, it leaves exposed a base of granula- 
tion tissue which gradually enlarges. The 
destruction of the dermis is not always 
complete and here and there some deep islands 
of epithelium, from sweat glands or hair 
follicles, may start patches of regenerating 
skin epithelium. Usually there is very little 
general reaction manifested either by fever or 
anemia and the patient remains in fairly good 
general condition although as the process goes 
on, he is gradually worn down with dis- 
couragement and pain. The reports of all but 
the most recent cases indicate that the true 
nature of the lesion was not recognized until 
there had been extensive destruction of the 
skin. In several cases practically the whole 
surface of the abdominal wall, and in one case 
the whole back became involved. In a number 
of cases the lesion spread downward from the 
abdomen to the thigh. 
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Etiology. In most of the cases reported in 
the literature only routine bacteriological 
studies were made. They yielded a variety of 
organisms none of which seemed to be of 
special significance. Special methods, how- 
ever, were used in the study of the second case 
reported by Brewer and the writer (11) as well 
as in a subsequent case (63) and since they 
yielded identical results the findings seem to 
be significant. In the study of these cases an 
effort was made to determine all of the 
organisms present not only in the gangrenous 
tissue but in the spreading periphery o/ the 
lesion. This was possible in the first case 
when, after conservative measures had been 
employed unsuccessfully, a wide excision of 
the lesion was done and the specimen taken 
immediately to the laboratory. Multiple 
cultures were then made from the sub- 
cutaneous fat at the periphery of the lesion 
inward toward the gangrenous zone. A micro- 
aerophilic non-hemolytic streptococcus was 
found in pure culture at the periphery oi the 
lesion, not only in the red zone but just beyond 
it in the relatively normal tissues at the very 
margin of the specimen and far from the area 
of gangrene. In the gangrenous tissue itself, 
this organism was found to be associated with 
a hemolytic Staphylococcus aureus, and a 
diphtheroid bacillus. The diphtheroid bacillus 
was entirely non-pathogenic for animals when 
injected alone or with either of the other 
organisms. When the streptococcus and 
staphylococcus were injected in pure culture 
into animals, no lesion was produced but when 
half doses of each organism were combined 
and injected, a gangrenous process developed 
which spread during the course of 3 or 4 days 
and simulated, to a considerable degree, the 
lesion in man. With this demonstration that 
these organisms could do something together 
which they could not do alone, the theory was 
advanced that the disease was the result of a 
synergistic action of the two organisms, the 
non-hemolytic micro-aerophilic streptococcus 
being the essential organism in the zone ol 
advance, in some way preparing the ground 
for the gangrenous action of the combined 
organisms. When the second case appeared. 
an opportunity was given in a single case to 
study two lesions, both of which yielded the 
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same esult. Again the micro-aerophilic non- 
hem: vtic streptococcus was found in pure 
cult. at the periphery and it was associated 
with. haemolytic Staphylococcus aureus in the 
gang! nous area. No diphtheroids were found. 
The + nergistic experiments already described 
were} peated in animals over and over again. 
This .emed to offer definite confirmation of 
the th-ory of bacterial synergism as the cause 
of thi. disease. It is hoped that other in- 
vestigutors, using the same methods else- 
where. will endeavor to confirm the findings. It 
should be remembered that this micro- 
aerophilic streptococcus is not a strict anae- 
robe and will grow aerobically after a number 
of artificial transplants in media with a re- 
duced oxygen tension and it is quite possible 
that in some cases it may be obtained aero- 
bically from the exudate at the gangrenous 
margin of the lesion, even on primary culture. 
I believe that this has been done in those cases 
which were reported to have yielded a non- 
hemolytic streptococcus. But when a study 
ismade of the periphery of the freshly excised 
lesion in the red zone, it is likely that this 
organism will only be obtained by anaerobic 
methods. It corresponds to Streptococcus 
evolutus of Prévot (76). 

In the 2 cases just summarized the organism 
which Milian and Nativelle described was not 
found. This would seem to indicate definitely 
that it is not a causative factor in this disease. 
It may, however, contaminate the wound just 
as Bacillus coli, Bacillus welchii or any other 
intestinal organism may occur in a wound 
without necessarily taking part in the in- 
lection. (See reports of Cases 1 and 2 in which 
this occurred and Case 3 in which it did not 
occur. ) 

_ Owing to the fact that a number of authors 
‘e.g., Cole and Heideman) have reported the 
presence of amoebe in similar lesions, a careful 
study made in all 5 of these specimens by 
three different well trained parasitologists and 
innone of the 5 cases personally seen by the 
wnter has there been anything suggestive of 
the presence of amoebz in the tissues or in the 
exudate. The writer believes that this lesion 
may be secondarily contaminated with the 
bacillus which Milian has described and also 
With but the evidence is-strong that 


these are not essential for the production of 
the lesion. Practically all of these cases have 
occurred following the drainage of a deep 
abscess either in the peritoneum or in the 
chest. In the abdominal cases the organism 
presumably came from the intestine as it is a 
common inhabitant of the alimentary canal. 
In the chest cases the original source of the 
streptococcus would seem to be either from 
the mouth or from infected emboli which were 
thrown off from thrombosed vessels in the peri- 
toneum. 

Treatment. In most of the cases which have 
been reported the wounds were partially 
closed by suture. This tissue tension in the 
presence of contamination may have favored 
the establishment of the infection. This sug- 
gests as a prophylactic measure that all skin 
wounds be left unsutured when peritoneal 
abscesses or chronic empyemas or lung ab- 
scesses are drained. The chronicity of this 
condition has afforded the opportunity of 
trying to cure it by many methods. Certain 
of the reports reflect the ingenuity and per- 
sistence of the surgeons in using all sorts of 
chemical and serological agents both generally 
and locally in the face of a baffing problem. 
In almost every case conservative methods, 
including local excision of the gangrenous 
margins have failed to check the advance of 
this process but radical removal of the lesion, 
including the outer zone of redness, either 
with the knife or with the cautery has almost 
invariably resulted in prompt disappearance 
of the disease. The defect left by this radical 
operation has then very quickly responded to 
skin grafting. In the present state of our 
knowledge with regard to these infections, 
this treatment should be instituted within a 
few days after the diagnosis has been made. 
When we learn something more about the 
interaction of these organisms and find some 
way to interfere with their action, perhaps 
more conservative measures will be effective. 
The writer prefers the knife to the cautery 
because there is less injury to the tissues and 
healing does not have to wait upon the 
separation of the tissue which has _ been 
destroyed by the cautery. There is very little 
to choose between the scalpel and the ‘radio 
knife.” 
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Fig. 1. Case 1. Note the two separate areas of gangrene 
firmly adherent at the scalloped margin. Immediately be- 
yond that is the raised purple zone merging into a red zone 
which fades off into normal skin. 


Recent cases. Wuring the past year the 
writer has seen three more typical cases of 
this kind which will be briefly reported here: 


Case 1. C. H. Presbyterian Hospital, Unit 
History No. 323125, a man 63 years of age, a 
private patient of Dr. F. B. St. John, came to the 
hospital in December, 1931, with a 6 month history 
of increasing difficulty in bowel movement. It was 
found that he had a carcinoma of the sigmoid colon 
with considerable dilatation of the gut above it. A 
preliminary cwcostomy was done with a tube held in 
the cecal wall by two pursestring sutures. Two 
sutures were taken in the external oblique aponeuro- 
sis and two in the skin. On the eighth day, the upper 
angle of the cxcostomy incision was found to be red 
and swollen; the skin sutures were removed. On the 
twelfth day the upper margin of the wound at the 
outer end became purplish in color around the outer 
suture hole while the inner end of the wound began 
to show evidences of early involvement. The whole 
area became red, swollen, and exquisitely tender. 
Within a few days the margin of the wound and the 
area around the stitch hole became frankly gangre- 
nous and the purplish zone and red zone gradually 
spread outward. Just at that time an almost fatal 
coronary episode diverted attention from the wound. 
The process continued to spread slowly in two direc- 
tions from the upper and lower ends of the wound. 
On the twenty-seventh day the writer was asked to 
see the patient, at which time the lesion had the fol- 
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lowing appearance (see Fig. 1.): There was a irge 
involved area in the right lower quadrant whic! as 
oval in shape and oblique in direction correspo: ting 
to the incision made for the cwcostomy. At the iner 
and outer ends there were two areas of gan rene 
which were separated from one another; a ci) ular 
one at the lower end, and an oval one at the \ per, 
The lower and outer margin of the wound was: ght. 
ly rolled in and the fwcal fistula, about 1 centi eter 
in diameter, near the center of the wound, w: sur. 
rounded by pale granulations. In the two gang: ious 
areas the dead skin was firmly adherent. ( — the 
lower lesion it measured about 2 to 3 centime rs in 
diameter and on the upper lesion about 2 vy 6 
centimeters. The outer margin of gangre: was 
scalloped at the line of demarcation and the ving 
skin for a distance of 2 to 3 millimeters wa dark 
purple. Beyond that for a distance varying om ; 
to 10 millimeters there was a grayish purplis zone 
which stood up from the skin surface like ap) teau, 
Beyond that the skin was very red for a d ‘ance 
varying from 2 centimeters below to 5 cent! ieters 
above. The outer margin of redness was not ‘early 
defined but faded off rather quickly into norm | skin. 

On the next day the whole lesion was excis« | with 
complete cessation of pain. The gangrenous | rocess 
did not recur and 5 days later it was poss)hle to 
proceed with a Mikulicz operation for the ~ ymoid 
carcinoma in the left lower quadrant. The «nuded 
area on the right side rapidly granulated 0) er and 
was covered with small skin grafts 3 weeks after 
excision. 

When the lesion was removed, it was tien to 
the laboratory and careful cultures were jade of 
the subcutaneous tissue in the periphery of the 
lesion, after the skin surface was painted wi! |) 7 per 
cent iodine and the deep surface was seared. | 1: three 
different places the micro-aerophilic non-ha \nolytic 
streptococcus (Streptococcus evolutus of !’révot 
was found in pure culture by anaerobic 1 thods. 
Cultures from the gangrenous margin a 
multiplicity of facal organisms and the pla‘ vs were 
overgrown with Bacillus proteus so that —urther 
identification was impossible. carefu! micro- 
scopic search for amoebwx on the surface of 1) lesion 
and in the tissues revealed nothing resemb!: + those 
organisms. Staphylococci and streptoco: | were 
abundant in the tissues at the gangrenou nargin 
and streptococci were found in smaller nun ers oul 
toward the periphery of the lesion. 

Case 2. A private patient of Dr. L. 
Schmitt, Morristown, New York, a single, verican 
school teacher of 62 years was admitte to the 
Horton Memorial Hospital, Morristown, \ York. 
on August 11, 1931, as Patient No. 45¢ with @ 
diagnosis of acute appendicitis with absces ()pera- 
tion was performed immediately after adr ion. \ 
right rectus incision was used. The apy) |ix wa 
found extending downward over the br of the 
pelvis and buried in a mass of adhesions —-luding 
loops of the small intestine and possibly be and 
ovary. On separating these adhesions, t'  « gree! 
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Fig. 2 Case 2. Note the lower right rectus incision ‘nd 
the larg: area of granulations surrounded by a large horse- 
shoe shaped zone of gangrene extending almost to the costal 
margin. Beyond the gangrene there is a raised purple zone 
merging into a brilliant red zone which fades off into nor- 
mal skin. On the surface of the granulation tissue there are 
three small areas of regenerating epithelium which are not 
clearly shown. 


pus was liberated and a necrotic appendix was re- 
leased and removed. ‘Two cigarette drains were 
placed down to the abscess. Dermal sutures were 
used for the skin. 

The wound drained copiously. On the fifth day 
after operation the patient complained of soreness 
in the wound. The discharge seemed to be fecal. 
The skin edges became intlamed, so the skin sutures 
were removed and the wound edges were separated. 
The inflammation increased and the wound margins 
gradually developed a carbuncular appearance. 
Dressings became extremely painful, the edges of the 
wound then gradually became gangrenous and a line 
of demarcation appeared. Around the area of 
gangrene was a purple zone and outside of that the 
skin was very red for a distance of % to 1 inch. 
These zones gradually spread outward and the inner 
margin of the gangrenous skin liquefied leaving a 
loor of granulation tissue. During the next 65 days, 
in spite of all kinds of local applications and general 
measures to build up the patient’s resistance, the 
lesion continued slowly to progress. By the seven- 
lieth postoperative day the gangrene had extended 
'o include most of the skin of the abdominal wall. 
lhe writer was then asked to see the patient. At 
that time the lesion presented the typical appear- 
ance in the spreading margin but the red and purple 
zones Were narrower than in Case 1. The gangrenous 
zone varied in width from o.5 to 4 centimeters. 
There was a large area of granulation tissue with 
three islands of regenerating epithelium (Fig. 2). 
Radical excision was advised and this was accom- 
plished with a scalpel. The line of excision was 
carried well outside of the red zone. Cultures, which 
‘ere made in the operating room from the line of 
‘helsion on semi-solid 1 per cent dextrose veal agar, 
showed a pure growth of non-ha molytic streptococci. 
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Fig. 3. 
which has healed and the lateral stab wound used for drain- 
age. The area of gangrene is bilobed corresponding to the 


Case 3. Note the upper right rectus incision 


retention sutures of the second operation. The zone of 
gangrene is scalloped at the outer margin where it is firmly 
attached to the raised purple zone. Beyond that there is a 
wide zone of redness extending up over the ribs margin and 
across the scar of the first operation. The granulation tis- 
sue is narrow with the drainage opening at the upper end. 


Cultures made from the necrotic edge of tissue 
showed streptococci, staphylococci, and gram nega- 
tive bacilli on several different media (blood agar, 
plain agar, dextrose agar, and plain and dextrose 
broth). These organisms were not further identified. 
The specimen was taken to New York and 4 hours 
later cultures were made from various parts of the 
lesion. All of the cultures were overgrown with 
Bacillus proteus but by differential heating this 
organism was killed and the micro-aerophilic strep- 
tococcus was recovered. The histologic examination 
of the tissues revealed staphylococci and streptococci 
in the tissues but no amecbe were found after careful 
search. Following excision dakinized dressings were 
used for 6 weeks at which time the wound was clean. 
Thiersch grafts were then applied and the patient 
made a complete recovery. 

Case 3. A private patient of Dr. John H. Carlisle, 
Passaic, New Jersey. M.S.,aged 57 years was ad- 


mitted to the Passaic General Hospital, Passaic, 


New Jersey as Case No. 75668 on October 30, 1032. 
For 12 years the patient had suffered from duodenal 
ulcer. On two occasions X-rays were taken, which 
showed a definite ulcer in the first part of the 
duodenum. On the evening of October 209, he had a 
supper of oyster stew and went to bed fairly early, 
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feeling quite well. About midnight the ulcer 
perforated. He was not seen until the following 
morning and operation was performed at 1 p.m., 13 
hours after the perforation. 

A perforation was found on the anterior surface of 
the first part of the duodenum. A simple suture was 
done and reinforced with a flap of fat so that the 
closure was thought to be quite satisfactory. The 
wound was closed but drainage was provided through 
a stab wound on the right. This was thought neces- 
sary because the gall bladder and structures in 
Morrison’s pouch were covered with fibrinoplastic 
exudate. Cultures were not taken. After operation 
he persisted in running a low temperature. On the 
twenty-seventh day it was evident that he had a 
subphrenic abscess and an intermuscular incision 
was made under the right ribs. When the peri- 
toneum was opened, pus was immediately encoun- 
tered. Culture from this pus yielded no growth with 
aerobic technique. No anaerobic cultures were made. 
No liver abscess could be made out. Two cigarette 
drains were placed in the abscess and the wound was 
closed in layers around the drains with two retention 
sutures for the skin. Following the drainage of the 
abscess, the temperature fell somewhat, but con- 
tinued around too to 101 degrees in the afternoons. 
There was a profuse drainage of pus. On the fifth 
day the wound was swollen and showed marked in- 
fection. The drains and the skin sutures were re- 
moved. The next day the old stab wound scar broke 
down, discharging pus. On the eighth day, there was 
considerable necrosis of the wound margins, most 
marked where the tension sutures had been placed. 
The patient complained of a great deal of burning in 
the wound and in the abdominal wall extending back 
along the course of the spinal nerves. The necrotic 
margins were cut away and various antiseptics were 
used but the infection continued to spread. On the 
fourteenth day, the infection began to spread more 
rapidly toward the flank. A diagnosis of symbiotic 
gangrene was then made and the writer was called 
to see the patient. The lesion at this time appeared 
as follows: The upper right rectus incision was well 
healed. In the right upper quadrant there was an 
area showing a striking similarity to the lesion in 
Case 1 (see Fig. 3). There was a zone of gangrenous 
skin from 1 to 2 centimeters in width, a raised pur- 
ple zone outside of it from 7 to 10 millimeters in di- 
ameter, and outside of that a brilliant red zone from 
1 to 3 centimeters in width which gradually faded off 
into normal skin. There was a narrow strip of 
granulation tissue on the floor of the wound and a 
sinus opening near the center. Below this lesion 
there was a small scar representing the original 
drainage tract. A wide excision was advised and 
operation was performed within an hour. The line 
of excision was carried about 3 centimeters beyond 
the reddened area. The skin and superficial fat were 
excised down to the fascia. The wound was dressed 
with fine meshed gauze wet with Dakin’s solution. 
On the sixth day the defect was covered with pinch 
skin grafts and rapidly epithelialized. 
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Before operation cultures were made from the pus 
at the mouth of the drainage tract and from the 
gangrenous skin. At the time of operation, bi s of 
subcutaneous fat in the line of excision were cult: red, 
After operation, the specimen was taken to \ew 
York and within an hour of the time of its ren val 
the skin was painted with metaphen and the eep 
surface was seared and further cultures were — .ade 
of the subcutaneous fat at varying distances rom 
the margin of the specimen toward the gangr: \ous 
zone, approaching it from the deep surface a: well 
as through the skin. Half of these cultures vere 
incubated at 37.5 degrees C., aerobically ar the 
other half in an anaerobic jar. From the dri sage 
tract and from the slough, the micro-aerophili: non- 
hemolytic streptococcus greatly predominate but 
was associated with hemolytic and non-hen. |ytic 
Staphylococcus aureus and Staphylococcus © ‘bus. 
From the subcutaneous fat away from the z. \e of 
gangrene, the micro-aerophilic non-hemolytic ‘rep- 
tococcus was found in pure culture in 3 of 5 aken 
from the skin side and in 4 of 5 taken from th. deep 
surface. In 2 of the 5 from the skin side, | was 
associated with aerobic spore forming rods, evi. ently 
skin contaminating organisms which resist: | the 
iodine. In the fifth culture from the deep suri. e the 
streptococcus was associated with a Staphylo: occus 
albus. The cultures from the line of excision 1 this 
case yielded no growth. A careful study of the ‘issue 
taken for pathological examination failed to reveal 
anything resembling amcebe. 

All 3 of these cases yielded the microphilic 
streptococcus in pure culture at the periphery 
of the lesion. Two of them were contaminated 
by a bacillus of the proteus group in the area 
of gangrene which made difficult the «mon- 
stration of other organisms although iphy- 
lococci were seen in the tissue sections ind in 
the mixed culture. The third case «| not 
yield a bacillus of the proteus grow) but 
yielded Staphylococcus aureus and albu. inthe 
slough. We believe that these 3 cases imply 
confirm the conclusions reached afte: study 
of the 2 cases previously reported, | mely, 
that the essential organism in this lesic is the 
micro-aerophilic non-hamolytic Strept: occus 
evolutus (Prévot) but that the gangren which 
is characteristic of the infection occ. » only 
when this organism is in symbiosis wi some 
other species—generally some var 
staphyloccus. 


GANGRENOUS IMPETIGO (ECHTHY 


For a good many years reports |) -e ap- 
peared in the literature describing 
gangrenous disease of the skin appe ing ! 
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undernourished individuals both young and 
old who were generally in a low state of nutri- 
tion and were frequently suffering from re- 
current attacks of dysentery. It has been 
given many names by the dermatologists, 
among them, echthyma, pyoderma gangre- 
nosum, impetigo gangrenosum, dermatitis 
gangrenosa, etc., etc. Recently such cases 
have been described in the periodical literature 


by Hartzell, Kitschmann Kreibich, 


Wende and Bentz, Hu, Brunsting, Goecker- 
man and O'Leary, Morrissey and Reynolds, 
McCarthy and Fields and others. Most of the 
textbooks, Unna, Stelwagon, Sutton, Mac- 
Leod, Hazen, and Andrews have stated that 
this disease is simply a severer and deeper 
form of impetigo, but Shamberg was of the 
opinion that they were distinct. 

Symptomatology. The lesions are usually 
multiple, and show various stages of develop- 
ment, one lesion following another in rather 
rapid succession. They occur most frequently 
on the scalp, face, and abdomen, but may be 
found on any part of the body. They generally 
start as small vesicles surrounded by a red 
zone. The center then becomes dark and 
gangrenous and depressed. The lesion in- 
creases in size slightly and occasionally two or 
three neighboring lesions may coalesce, but 
even the coalesced lesions seldom measure 
more than 1 or 2 centimeters in diameter. The 
disease is contagious and frequently occurs in 
several members of a family at the same time. 
Likewise the patient inoculates other areas of 
his body. As new lesions develop, the old ones 
irequently dry, the necrotic skin comes off as a 
scab, and a scar is left behind. The larger and 
(deeper lesions, however, may persist for a long 
time. The gangrenous center then separates at 
the margin leaving a ring of depressed ulcera- 
tion from the center of which the gangrenous 
plaque stands up like a button. If this sepa- 
tates from its base, a clean ulcer is left which 
‘lowly heals. This condition may last for 
months or years with exacerbations and re- 
missions and frequently a crop of small fresh 
gangrenous lesions may develop after a recur- 
tence of diarrhoea or colitis. 

Etiology. The cause of these lesions has 
been variously explained by different authors. 


| Most dermatologists consider this condition to 


be a serious form of impetigo. The onset of the 
lesion with vesiculation makes this seem 
plausible. The organism generally attributed 
to be the cause of impetigo is the hamolytic 
streptococcus. Some authors have attributed 
echthyma to the action of Bacillus pyocya- 
neus, others to staphylococci, and still others to 
other streptococci. One of these cases died 
with a general sepsis in which three different 
organisms were successively found in the blood 
(42). This finding leads to some uncertainty 
with regard to their réle in the etiology of the 
disease. Leloir in 1880 found both staphy- 
lococci and streptococci in 5 of these cases but 
he was unable to produce the disease in ani- 
mals with these organisms in pure culture and 
thought that there might be some other 
etiological agent. Brunsting, Goeckerman and 
O’Leary regularly found a hemolytic strepto- 
coccus and a staphylococcus in the lesions 
and, following the suggestion which the writer 
made with regard to progressive postoperative 
gangrene, they attributed the disease to a 
synergistic action of these organisms. With 
these two organisms in combination they were 
able to produce similar lesions in animals. 
These authors did not explain the association 
of this disease with colitis or dysentery. Fox 
believed that if cultures are made early, while 
the lesions are still vesicular, the hamolytic 
streptococcus will be found invariably in pure 
culture but later when the gangrene develops, 
staphylococci are present also. He did not 
suggest the possibility of synergism between 
the two. In studying this disease, anaerobic 
cultures have rarely been made. 

Treatment. Hartzell’s case, although it re- 
sembled the others in its onset, differed from 
them in that excision of the lesions was the 
only method which effected their disappear- 
ance. He said that when the lesions were 
thoroughly excised, together with a consider- 
able margin of sound skin, the wound thus 
made, rapidly healed. If, however, all of the 
infected tissues were not removed, as happened 
frequently, the wound became a steadily en- 
larging gangrenous ulcer with firm elevated 
borders like those which resulted from un- 
treated lesions. There was no bacteriological 
study of Hartzell’s case. Hartzell has been 
the only one to advocate complete excision of 
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these lesions, and his case may have been 
different from the others; for in almost all of 
the other cases reported, there was spontane- 
ous healing following the separation of the 
necrotic tissue. Various and sundry local 
medications have been applied by different 
authors most of which had some measure of 
success. In a good many cases, while the in- 
dividual lesion healed, recurrences dragged on 
for months or years. Most of the writers, 
however, believe that the majority of these 
cases will recover if general nutritional meas- 
ures are instituted and if the usual methods of 
treating impetigo are continued industriously. 


FUSOSPIROCHZTAL INFECTION OF THE 
SKIN 


A third type of chronic gangrene is repre- 
sented by the foul infections developing in 
wounds made by human bites or in wounds 
which have been contaminated by mouth 
secretions. Leeuwenhoek was probably the 
first to observe the spirochetz, the spirilla 
and the fusiform bacilli which frequent the 
human mouth, but the classic work of Miller 
in 1890 offered the first comprehensive de- 
scription of the mouth organisms. In 1894 
Plaut (72) suggested the causative significance 
of the spirocheta and spirilla in certain of the 
non-diphtheritic infections of the throat and 4 
years later, Vincent stressed the rdle of the 
fusiform bacilli without recognizing the prior 
observations of Plaut. In 1905 Plaut and 
Vincent debated the question. In 1896, Vincent 
(91) had observed spirochetz in cases of hos- 
pital gangrene and believed them to be re- 
sponsible for it. Eggers, in 1915, in the course 
of a morphological study of over 2,000 smears 
from chronic skin ulcers in patients in various 
parts of China, found spirochetz in about 10 
per cent. They were frequently found in the 
lesions commonly known as “tropical sore.” 
Plaut (74) later found the combination of fusi- 
form bacilli and spirochaete in two “noma- 
like” lesions of the skin. 

Stiles and Hassall, in their classification of 
the protozoa reported for man, state that the 
spirochetz which are pathogenic for man are 
limited to the Treponema and Leptospira 
groups. Smith, in his recent book on fuso- 
spirochetal diseases, lists four species of 
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spirochetze and three types of fusiform 
bacilli, which occur in the human mouth and 
which have been found in human infections, 

Hospital gangrene practically disappeared 
when surgeons began to have a little under. 
standing of bacterial contagion and infection, 
It is almost certain, therefore, that it was an 
infectious type of gangrene. Whether or not 
it was due to a specific organism or to a specific 
combination of organisms not including the 
spirocheetz or to the fuso-spirochital group as 
Vincent claimed may never be determined, 
Warren believed that the term included a 
number of different acute and subacute forms 
of infectious gangrene. The writer cannot 
add anything to the solution of this problem 
from personal experience but agrees with War- 
ren after studying a number of the reports 
which appeared in the medical literature {fol- 
lowing the Civil War and later. 

In recent years, gangrene of the skin and 
subcutaneous tissues, in which the fuso- 
spirochetal organisms play a part, has gener- 
ally occurred following the implantation of 
mouth organisms into the tissues by human 
bites. Flick has recently reviewed the litera- 
ture and added 5 cases to the ones which had 
been reported previously, by Hultgen; Peters; 
Hennesey, Madras, and Fletcher; Pilot and 
Meyer; Fuller and Cottrell; Bower and Lang. 

A human bite invariably contaminates the 
wound with a mixture of organisms. Bates 
says that the police surgeons fear the severity 
of these infections more than any other typeof 
infected wound. Usually gangrene cloes not 
develop in these cases unless there is a mixture 
of organisms which includes non-hwmolytic 
streptococci, fusiform bacilli, and spirochete. 
Although spirochaete are never found alone in 
these infections the worst cases are certainly 
those in which spirochaete are present. The 
infection almost always occurs either when @ 
human being voluntarily bites another or 
strikes a blow with the hand which is cut by 
the teeth of the intended victim. The wound 
is usually a lacerated wound of considerable 
depth, but cases have been reported in which 
the injury was very superficial and one case 
followed the picking of a superficial blister 
with a pen knife with which the patient was 
accustomed to pick his teeth. It is surprising 
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that more wicked infections do not develop in 
wounds which have been sucked, for this is a 
common practice. It is probable that or- 
ganisms are not planted in the depths by this 
procedure. 

Symptomatology. ‘There is usually some 
evidence of inflammation within the first 2 or 
3 days after receipt of the injury and this 
steadily progresses. The exudate becomes 
foul, the margins of the wound are shaggy, 
bleed easily, and take on a dark grey-green 
appearance. The infection may spread fairly 
rapidly into the neighboring bones and joints. 
It burrows down into the deep spaces and may 
work up again toward the surface and break 
out at some distance from the original wound. 
Thus multiple sinuses are produced or if 
incisions are made in various places, the 
wounds remain open and continue to discharge 
the foul smelling exudate. Unless the proper 
treatment is instituted, these infections go on 
steadily for weeks or months with a progressive 
destruction, not only of the skin and subcu- 
taneous tissue, but of the deeper structures. 

Etiology. If smears are made from the foul 
exudate countless organisms are seen, among 
them streptococci, fusiform bacilli, and spiro- 
chetea—the latter are better seen with the 
darkfield illumination. These organisms will 
develop only under anaerobic conditions and 
are grown best in or on special media. A great 
many serious human bites occur in which only 
streptococci and staphylococci are found but 
usually in these cases, although infection is 
severe and the general symptoms marked, 
there is no gangrene of the*tissues. Although 
hemolytic streptococcus gangrene might de- 
velop after a human bite, such a case has not 
come into the experience of the writer. If 
gangrene is present, either the fusiform 
bacilli or the spirochaete are usually to be 
found and the severer cases harbor both of 
these organisms. There has been some debate 
among the investigators of these Plaut- 
Vincent infections as to whether the fusiform 
bacilli and spirochete are two different or- 
ganisms growing in symbiosis or represent two 
diflerent stages of the same organism. Tunni- 
cliff is of the opinion that spirochetz develop 
irom the fusiform bacilli. She reports that she 
has actually seen this development taking 
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place. However, this has not been confirmed 
by other writers who claim that although 
twisted forms of the fusiform bacilli do appear 
in old cultures, the spirochet which occur in 
these infections represent a different species 
and that it is a true symbiotic infection. 
Knorr goes further in stating that he has never 
seen a case of infection with either fusiform 
bacilli or the spirochetz without streptococci 
being present also. He believes these infec- 
tions are symbiotic in nature and that the 
streptococcus plays a necessary and an im- 
portant réle. 

Treatment. Bates, who has had considerable 
experience with infections of this kind, now 
treats wounds caused by human teeth with 
radical excision as soon as they come to him. 
This, he believes, is an important prophylactic 
measure. When the infection has already 
gained a foot-hold, most authors have found 
that any temporizing measure is unsuccessful 
and they advocate fairly radical surgery which 
generally involves amputation of a finger or 
hand. The presence of spirochxt« has sug- 
gested the treatment of these infections with 
spirocheto-cidal chemical substances and al- 
though arsphenamine has frequently been used 
without success, better results have been ob- 
tained with neo-arsphenamine. This should 
certainly be tried before any radical surgical 
procedures are used, but temporizing measures 
should not be continued if there is no very 
definite improvement. Otherwise extensive 
destruction of important structures may take 
place. 


AMCEBIC INFECTION OF THE SKIN 


The ulcerative lesions of the intestine in 
which Endameeba histolytica is found are well 
known. The most frequent parenteral site for 
the activity of this protozoén is in the liver 
and the lesion within that organ may be a 
single abscess or multiple abscesses. It is of 
interest that all efforts made toward artificial 
cultivation of amoebz in the absence of other 
organisms has failed. Likewise in the lesions 
within the body, the amoebz are almost always 
associated with some of the intestinal bacterial 
species (in symbiosis). In the early stages, the 
liver abscesses frequently yield these asso- 
ciated organisms on culture and the presence 
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of the amcebz is not suspected. In later stages 
after the infection has become established, 
cultures may fail to reveal bacterial organisms 
but scrapings of the abscess wall will yield 
living amoebe. It seems to be possible, there- 
fore, for the amoebz alone to maintain a lesion 
in the human body, although in many of these 
cases there may be anaerobic organisms 
present which have not been revealed by 
culture. 

Ameebic infection of the skin has been 
described by a number of authors practicing 
in regions in which amoebic disease is common. 
In most of the cases which have been reported, 
the involvement of the skin has been secondary 
to the spontaneous or operative drainage of a 
liver abscess. Such cases have been described 
by Heimberger, Nasse, Daborn and Heymann, 
Heymann and Ricou, Gauducheau, Carmini, 
Ch’eng, Engman, Jr. and Henry Meleney, 
and others. A few cases of skin infection have 
followed some operative procedure on the 
large gut, e.g., Cole and Heideman, Marwits 
and Van Steenis. By two observers, Maxwell 
and van Hoof, fistulas about the anus have 
been attributed to the action of amcebe. 

Gangrenous lesions of the skin attributed to 
amoebe, which seemed to arise without any 
direct connection with an internal focus of the 
disease, have been listed only twice in the 
recent literature. In 1919, Engman, Sr. and 
Heithaus reported a case which came under 
their observation and they fully described the 
course of the infection. In this case, the dis- 
ease developed secondarily in several of the 
lesions of impetigo from which the patient had 
been suffering. The amoeba which they 
described was assumed to be but was not 
definitely classified as Endameeba histolytica. 
They included in their report 2 other cases, 
which may belong to this group but the evi- 
dence is not perfectly clear. Similarly in a case 
reported by Hansen and Stark the findings are 
not absolutely convincing because the or- 
ganisms were not found in the lesions, al- 
though they were said to be present in the 
stools. 

Symptomatology. In the cases which develop 
a gangrenous lesion of the skin secondary to 
the drainage of a deeper focus, there is always 
a period of days or weeks during which there 


is no specific change in the wound. The drain- 
age tract becomes red, swollen, and painful in 
a manner similar to that in many drained 
wounds. Then the edges become indurated, 
everted and raised above the surrounding skin 
which takes on a dark brown color with 
hyperpigmentation. As the necrosis spreads, 
the center of the lesion remains as an ulcerated 
surface covered with dark granulations having 
“‘a color resembling that of raw beef which has 
been exposed to the air for some time” (Heim- 
berger). The surface is covered with foul 
smelling exudate of thick brownish blood 
tinged pus with shreds of necrotic tissue in it. 
Usually the chief involvement is in the skin 
and subcutaneous tissue but the muscle may 
be involved, in which case the whole wound 
becomes necrotic for a considerable depth, as 
in Engman, Jr. and Meleney’s second case. 
In ameebic lesions which have no connection 
with a deep focus, Engman and Heithaus say 
that the infection with amcebe apparently 
must be preceded by an established infection 
with other organisms. This at once sugvests 
the possibility of a symbiotic rather than a 
specific action. In such a case the infection 
remains relatively superficial. The spread 
seems to be in the cutis while the epidermis is 
involved secondarily and gives way. Gilairy 
pus in small droplets may be expressed {rom 


‘the margin of the ulceration. This is said to 


be quite characteristic of the infection. [i the 
proper treatment is not instituted, the lesion 
continues to spread fairly rapidly in all cirec- 
tions until large areas are involved ani the 
patient finally succumbs either to the involve- 
ment of a vital organ or to an intercurrent 
infection. 

Etiology. In none of the cases, reviewed by 
the writer, which have been attributed to 
amoebe have careful anaerobic as well as 
aerobic bacteriological studies been made. 
The bacterial factor either alone or in sym- 
biosis with the amoebz may not have been 
given the attention which it deserves. It 
seems to the writer that one or all of ihe fol 
lowing conditions should obtain before it can 
be fairly stated that amoebe are participating 
actively in any infection: (1) There should be 
histological evidence of the invasion of the 
tissues by the amcebe, or (2) they should be 
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found either by smear or culture in the ad- 
vancing margin of the lesion, or (3) the lesion 
should respond to emetin treatment recog- 
nized as adequate for amoebic disease. The 
writer believes that the mere presence of 
amoebic on the surface of the lesion or in the 
exudate is no more evidence of their participa- 
tion in the infection than the presence of 
Bacillus coli, Bacillus welchii, Bacillus proteus, 
or any of the other intestinal organisms is 
evidence of their activity in the tissues about 
a fecal fistula. In most of the cases in which 
amoebic have beea observed, there has been 
no accurate determination of the type of 
amoeba but in those cases having a direct 
connection with ameebic lesion of the liver or 
gut it is frequently assumed that the organism 
is Endamoeba histolytica. In the case of 
Heimberger and in the second case reported by 
Engman, Jr. and Henry Meleney, there seems 
to be little doubt that Endameeba histolytica 
was present and played an important réle in 
the infection. It is of particular interest to 
note that in Engman and Heithaus’s case, 
bacterial cultures yielded no growth aero- 
bically. After such a long exposure to con- 
tamination it is surprising that there were not 
secondary contaminants capable of growth 
even if the organisms responsible for the 
impetigo had disappeared. The spectacular 
response both generally and locally to the 
emetin treatment in this case as well as in 
Heimberger’s case is strong evidence in favor 
of the importance of the amoebe in these 
infections. In the second case of Engman, Jr. 
and Henry Meleney the invasion by the 
ameebee of the whole thickness of the ab- 
dominal wall including the muscle, is a strong 
argument in favor of the activity of the amoeba 
in that case, although there was little response 
toemetin. The fatal outcome may have been 
due either to the extent of the ameebic lesion 
in the liver or the virulence of the associated 
hemolytic streptococcus and Staphylococcus 
aureus in a patient with diabetes. In the first 
case presented by these authors although the 
organism found was almost certainly Enda- 
mocba histolytica, the evidence is not so clear 
that the amceba played an important rdle. No 
cultural studies were made of this lesion so 
that the factor of bacterial synergism could 


MELENEY: DIFFERENTIAL DIAGNOSIS OF INFECTIOUS GANGRENE OF SKIN 863 


not be weighed or measured. The amcebe 
were found in the pus and on the surface of the 
wound but not in the depths of the tissue nor 
were they found in the apparently healing 
ulcer in the gut. It may have been a surface 
contamination. On the other hand, the 
temporarily favorable response to emetin may 
indicate that the amceba played a partial rdle 
in the production of the lesion. In the case 
reported by Cole and Heideman, there is still 
less evidence that the amoeba, which was 
found in the pus but was not classified, was a 
factor in the infection. The organism was 
present in the exudate but not in the tissues. 
There was little if any response to emetin 
treatment even though the pathology seemed 
to be localized in the skin lesion. The disease 
was finally controlled only by a wide cautery 
excision such as is required in the bacterial 
synergistic gangrene. No anaerobic cultural 
studies were made in this case but the onset 
and the clinical course were typical of the 
bacterial synergistic gangrene and similar to 
the 5 cases of that type mentioned previously 
in lesions of which no amceb were found 
after careful search by three parasitologists. 
Treatment. In all cases of ameebic abscess of 
the liver, the possibility of skin necrosis after 
drainage must be kept in mind and precautions 
taken to avoid it. An attempt should be made 
to protect the skin wound at the time of 
operation. A two stage procedure might in- 
crease wound resistance to the infection. Ifa 
one stage operation is performed, there should 
be complete relaxation of the wound with no 
attempt to close the skin and subcutaneous 
tissues by suture. If pathogenic amcebie have 
been found, emetin hydrochloride should be 
given intravenously. If this medication fails 
and the disease is localized to the surface 
lesion, it should be widely excised. In all of 
these casesinasmuchas the bacterial symbionts 
always play a roéle of greater or lesser impor- 
tance, a careful bacteriological study of the 
lesion should be made before operation and cul- 
tures taken from various portions of specimen 
after excision if that procedure be necessary. 


DIFFERENTIAL DIAGNOSIS 


The differentiation between the groups of 
chronic infectious gangrene is difficult, particu- 
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TABLE II.—DIFFERENTIATION OF CHRONIC CASES 


Etiology | 


Symptomatology 


Pathology 


Treatment 


Postoperative 
progressive 
bacterial 
synergistic 
gangrene 


Essential organism micro- 
aerophilic non-hemolytic 
streptococcus (S. evolu- 
tus), in the spreading 
periphery of the lesion, 
associated with staphylo- 
coccus in the zone of gan- 
grene. 


Usually follows drainage of peri- 
toneal abscess, lung abscess, or 
chronic empyema. Wound 
margins or retention suture 
holes after one or two weeks 
take on a carbunculoid appear- 
ance finally differentiating into 
three skin zones, outer bright 
red, middle dusky purple, and 
inner gangrenous with a cen- 
tral area of granulation tissue. 

Excruciating pain. 


Destruction of epidermis and 
upper layers of dermis occa- 
sionally leaving some deep 
remnants of epithelium which 
may later grow. 

Under gangrene, heavy poly- 
morphonuclear exudation. Un- 
der purple zone, hemorrhage. 
Under red zone, hyperemia. 
Many staphylococci and strep- 
tococci under gangrene. Scat- 
tered streptococci in the periph- 
ery. 


Extensive excision of the 
whole lesion well beyond 
the red zone of advance, 
either with the electric 
cautery-knife or with the 
scalpel. 

Skin grafting. 


Gangrenous 
impetigo 
(echthyma) 


Essential organisms hamo- 
lytic streptococcus and 
hemolytic staphylococcus. 


Usually occurs in debilitated 
persons especially those suffer- 
ing from chronic dysentery. 

Lesions are usually multiple and 
may coalesce but are seldom 
large. 

Start as vesicles going on rapidly 
to pustulation and gangrene. 


Usually superficial destruction of 
tissue with drying of the gan- 
grenous skin, scab formation, 
and separation. Moderate poly- 
morphonuclear exudation. 

Local invasion of staphylococci 
and streptococci. 


Removal of crusts. 
sive local applicat 
ammoniated mercury oint- 
ment. General nutritional 
treatment. 


Fusospiro- 
chetal gan- 
grene 


Essential organisms fusi- 
form bacilli, spirilla, and 
spirochata, usually asso- 
ciated with non-hemolytic 
streptococci. 


Usually occurs in a wound con- 
taminated with mouth secre- 
tions, e.g., human bite. Early 
inflammation with a gradual 
development of necrosis of 
wound edges with penetration 
to bones and joints. 


Extensive sloughing of super- 
ficial and deep tissue with mul- 
tiple sinus formation. Organ- 
isms profuse in exudate and in 
the necrotic tissues. 


Intensive intravenous ad- 
ministration of nev-ars- 
phenamine. 

Radical amputation i/ medi- 
cation fails. 


Ameebic in- 
fection with 
gangrene 


Essential organism Enda- 
mceba histolytica associ- 
ated with numerous strep- 


Usually follows the drainage of 
an ameebic abscess of the liver. 
Margins raised and everted. 


Extensive destruction of dermis 
with undermining and secon- 
dary destruction of epidermis. 


Intensive administrati 
emetin hydroch|or 
travenously. R 


tococci, staphylococci, and 
fecal organisms. 


Granulations have appearance 
of raw beef covered with shreds 
of necrotic material. Glairy 
pus expressed from margin. 


cision of the lesion if dis- 
ease is limited to the skin 
and medication fails. 


Polymorphonuclear exudation. 
Ameebe and bacteria numer- 
ous in the exudate and in the 
tissues. 


larly between the bacterial synergistic and the 
amoebic groups, both of which usually follow 
an operative procedure. In the bacterial syn- 
ergistic group there is no history of ameebic 
infection or evidence of deep amecebic lesion, 
no amoebe are found either in the stools or in 
the exudate from the lesion or in the tissues, 
and there is no response to emetin treatment. 
In the ameebic cases there is frequently a 
history of previous amoebic dysentery or a 
frank deep ameebic lesion. Amoebz are fre- 
quently found in the stools as well as in the 
exudate from the wound and in the tissues; 
and the lesions may respond promptly, often 
surprisingly, to emetin treatment. In bacterial 
synergistic gangrene, the lesion is extensive but 
superficial and develops slowly. It does not 
invade the muscle and the base of the ulcer- 
ated center is composed of active granulations 
which frequently reveal isolated islands of 
regenerating epithelium. In the ameebic in- 
fections the lesion is usually deeper, it develops 
more rapidly, and it may involve the muscle. 
The granulations have a raw beef appearance 
and islands of regenerating epithelium are 
rare. Pressure on the margins produces glairy 


pus in which the amcebe may be found. All 
of the cases of postoperative progressive 
bacterial synergistic gangrene which have 
been examined at the time of excision have 
yielded a micro-aerophilic non-hwmolytic 
streptococcus in pure culture in the spreading 
periphery of the lesion while cultures in the 
zone of gangrene have revealed this organism 
in association with others. As far as the 
writer is aware the advancing margin of the 
amoebic lesions has never been examined 
bacteriologically but the exudate almost in- 
variably yields, beside the amoeba, a combina- 
tion of organisms which may contribute toward 
the severity of the infection. Until complete 
bacteriological studies have been made in 
amoebic cases there cannot be any satisiactory 
pathological or bacteriological differentiation 
between these two groups. 

Gangrenous impetigo and fuso-spirochtal 
gangrene of the skin are more easily dilleren- 
tiated. The former almost always occurs In 
individuals suffering from some debilitating 
disease especially a chronic dysentery. The 
lesions are multiple and follow one another 
with great persistence over a period of months 
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or vears. Fusospirochetal gangrene almost 
always develops in a wound deeply contam- 
inated with human mouth secretions such as 
a human bite. Gangrenous impetigo usually 
starts as a vesicle which becomes gangrenous 
in a few days but does not spread widely or 
deeply. In fusospirochetal infection, the 
lesion progresses steadily and penetrates deep- 
ly to muscle, tendon, joint, and bone with a 
massive destruction of tissue. Multiple sinuses 
are prone to develop and persist. From the 
lesions of gangrenous impetigo, the haemolytic 
streptococcus and staphylococcus may both 
be cultured. From the Plaut-Vincent in- 
iections fusiform bacilli, spirilla, and spiro- 
chetw may be found on smear or culture or 
with the dark-field illumination but there is 
usually some type of streptococcus, generally 
non-hemolytic, also present. 

The differentiation of the types of chronic 
infectious gangrene may be conveniently 
summarized in chart form (Table II). 


SUMMARY AND CONCLUSIONS 


In this paper we have attempted to differen- 
tiate clinically as well as bacteriologically, the 
various types of gangrene of the skin and sub- 
cutaneous tissue due to the invasion of micro- 
organisms. They may be conveniently divided 
into acute and chronic forms. 

The acute types are essentially diseases 
caused by single bacterial species although 
their severity may be augmented by associated 
organisms. They comprise (a) gas gangrene 
and (b) hemolytic streptococcus gangrene. 
Their differentiation from one another and 
from erysipelas is summarized in Table I. 

The chronic types are essentially diseases 
due to a mixture of organisms growing in 
symbiosis. These organisms in pure culture 
are either innocuous or produce lesions which 
are not gangrenous. They comprise (a) 
progressive bacterial synergistic gangrene, 
'b) gangrenous impetigo, (c) fusospirochetal 
gangrene, and (d) amoebic infection of the 
skin. Their differentiation is summarized in 
lable II. 

_ The early differentiation of these infectious 
lorms of gangrene is essential in order that the 
Proper treatment may be instituted early. For 
in that way extensive loss of tissue may be 


prevented, the duration of illness may be 
shortened, and lives may be saved. 

Three additional cases of progressive post- 
operative bacterial synergistic gangrene are 
herein reported. 
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SURGERY, GYNECOLOGY AND OBSTETRICS 


REGENERATIVE CAPACITY OF THE EXTRAHEPATIC BILIARY TRACTS 


CLINICAL AND EXPERIMENTAL STUDY 


GEORGE HALPERIN, M.D., M.S., F.A.C.S., Catcaco 


From the Department of Surgery of Northwestern University 


the repair or reconstruction of the ex- 

trahepatic bile tracts present a number 
of difficult problems and, generally speaking, 
constitute a difficult and ungrateful chapter in 
surgery. Cicatricial stenosis and partial or 
complete obliteration of the common bile duct 
as well as of the hepatic duct, may be caused 
by the following conditions: 

1. Congenital anomaly such as diverticu- 
lum of the common bile duct; 

2. Benign and malignant neoplasms involv- 
ing the common bile duct, the head of the 
pancreas, papilla of Vater, the gall bladder or 
the cystic duct; 

3. Inflammatory conditions: (a) decubitus 
ulcer in the common duct caused by a stone, 
(b) inflammatory induration of the lower end 
of the common duct, result of a large, callous 
ulcer of duodenum, (c) acute or chronic in- 
durative pancreatitis; 

4. Postoperative strictures. 

The first three groups are relatively rare. 
The greatest number of cases calling for repair 
or reconstruction is furnished by the post- 
operative group. The most frequent cause of 
postoperative stricture of the choledochus or 
the common hepatic duct is a technical error 
committed in a course of a cholecystectomy 
and passed unnoticed at the time. Occasion- 
ally stenosis has taken place after a supra- 
duodenal choledochotomy done for explora- 
tion and removal of stones, regardless of 
whether the incision was drained or closed 
primarily. The use of a T-tube, especially if 
too early removed, has been a not infrequent 
cause. 

_ There is a group of cases in which stenosis 
developed in spite of faultless technique and 
in the absence of complications. Here belong 
cases of phlegmonous inflammation of the 
extrahepatic bile ducts in which the suppura- 
tive process ordinarily limited to the gall 
bladder, extended to and involved the com- 


(J procedures required for 


mon bile duct. The stenosed duct in such an 
instance is analogous to a shrunken gall })lad- 
der the result of a purulent cholecystitis. It is 
noteworthy that such cases have been found 
only after an operative procedure and never 
primarily. 

Much more difficult is the explanation of 
cases, fortunately rare, in which stenosis 
occurred after a meticulously carried out 
operation and in the absence of inflammatory 
adhesions. A possible explanation may be 
found in a constitutional predisposition to 
connective tissue hyperplasia. The use of a 
drain may be responsible in some instances for 
an excessive connective tissue reaction. .\s is 
well known, injury to the common or the 
hepatic duct in the course of a cholecystec- 
tomy has occurred in the hands of master 
surgeons and need not be charged to a lack of 
skill or care in the performance of the opera- 
tion. Correct anatomical orientation is not 
always possible. Variations in the normal 
arrangement of bile ducts and blood vessels, 
particularly in the presence of inflammatory 
conditions, make the recognition of the essen- 
tial structures very difficult, at times impossi- 
ble. Rugge in an anatomical study, made at 
the suggestion of Koerte, examined 43 human 
cadavers and found that the cystic duct joined 
the common hepatic in one of three ways: 
(x) In 35 per cent of the cases at a sharp angle. 
(2) In 20 per cent the cystic ran parallel with 
the common hepatic for a variable «istance 
before joining the latter. The two may be 0 
closely bound as to make their sejration 
difficult. It is this type that Delbet charac- 
terized as “canal double hepato-ky-tique.’ 
(3) In 45 per cent of the cases the cystic duct 
ran a spiral course and joined the hepatic on 
its left side. 

The subject of anomalies was further 
studied with essentially similar results by 
Kunze, Descomps, Rio-Branco, Eiscndrath. 
Behrend, and others. 
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The operative injury is most frequently the 
result of inclusion of a part or of the entire 
thickness of the common bile duct or of the 
hepatic in the grasp of the forceps or ligature 
intended for the cystic alone. Next in fre- 
quency is the attempt to grasp blindly a sev- 
ered, retracted, and spurting cystic artery. 
The injury, if recognized at the time of op- 
eration, should be repaired immediately. Its 
later repair in a jaundiced patient with a 
tendency to cholemic bleeding, and in the 
presence of baffling adhesions and altered 
anatomical relations, becomes an infinitely 
more difficult, if not an altogether hopeless 
task. 


CLINICAL EVIDENCE REGARDING THE REGEN- 
ERATIVE CAPACITY OF THE EXTRAHEPATIC 
BILE DUCTS 


It is a well established fact that partial de- 
fects of the choledochus, especially if they be 
longitudinal, heal spontaneously and only 
rarely display a tendency to scar contraction. 
The difficult problem is presented by cases in 
which so much of the duct is stenosed or 
destroyed that an end-to-end anastomosis is 
impossible. If the gall bladder is available, a 
short-circuiting operation of cholecystogas- 
trostomy or cholecysto-enterostomy saves the 
situation. Most of the cases under considera- 
tion, however, have had a previous chole- 
cystectomy. Doyen, as early as 1892, did the 
first choledochorrhaphy over a buried tube. 
Halsted attempted the same in 1900. Both 
operations resulted in failure. When the gap 
between the proximal stump and the duode- 
num or the stomach is not too great, and if the 
duodenum can be mobilized, the problem is 
relatively simple, the direct anastomosis be- 
tween the hepatic or the common duct and 
the duodenum giving excellent results. The 
first hepaticoduodenostomy was performed by 
Hans Kehr in 1902 (33), and was described in 
his “Die Geuebte Technic der Gallenstein- 
operationen.” W. J. Mayo (46, 47) reported 
a successful hepaticoduodenostomy in 1905. 
The case was again reported 10 years later by 
himself and 16 years later Balfour reported 
the patient as being in perfect health. In cases 
in which a direct end-to-end anastomosis of 
the severed duct is impossible because of the 
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extent destroyed, or because of inflammatory 
conditions, or adhesions which make mobiliza- 
tion of the duodenum impossible, artificial 
reconstruction of the duct is the only alterna- 
tive left. For these difficult cases three 
methods have been advanced: 

1. Plastic operation utilizing pedunculated 
flaps carved from the gall bladder wall, 
stomach wall, duodenum or jejunum, as well 
as the use of a transplanted vein, fascia, etc. 

2. A two step operation consisting first of 
forming an external biliary fistula from the 
gall bladder, cystic, common, or the hepatic 
duct. This fistula is cored out at a second 
operation and is implanted into duodenum or 
stomach. 

3. Bridging the gap between the two ends 
of a severed duct, or between the proximal 
stump of the duct and duodenum or stomach 
by means of a rubber tube. 

Hans Kehr (33, 34) was the first successfully 
to employ a seromuscular flap from the stom- 
ach in one case (in 1907), and from the gall 
bladder in another, to cover a defect in the 
common bile duct. Stubenrauch, in 1906, 
successfully employed a flap carved from the 
stomach in one patient. His attempts to per- 
form the same operation in dogs were not 
successful. The recent experiments of Schrager 
and Ivy with the flap method proved that this 
procedure was feasible at least in dogs, pro- 
vided that a tube fashioned out of gastric 
mucosal layer only was used. Ivy (personal 
communication) doubts, however, that such 
tubes can be made fairly long without en- 
dangering their blood supply and thereby 
compromising the end-results. Furthermore, 
all of their dogs developed a hepatitis. Attrac- 
tive as all of these methods may appear in 
theory or in animal experimentation, their 
practical application in human beings is seldom 
possible. 

Priority in the use of the method of fistula 
implantation undoubtedly belongs to Czerny 
as correctly pointed out by Horgan in a re- 
cent monograph. Successful results with the 
method have been reported by Stubenrauch 
in 1906, by Kausch in 1914, and more recently 
by Lahey and by Walters. Kausch reported a 
case which functioned normally 114 years 
later. It was his conviction, however, that 
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most of these fistulas, because of a poor blood 
supply, were doomed to necrosis. Walters had 
excellent results in 3 of 5 cases. The oldest 
was well 3 years and g months after the 
operation. 

Lahey had six satisfactory results out of a 
total of 10 cases. He advises that the fistula 
be not dissected from the under surface of the 
liver from which, he states, it receives a good 
deal of its nourishment, which in turn helps to 
prevent contraction. Of particular interest to 
me is the finding by Lahey of spontaneous 
internal biliary fistulas in 4 of the cases, “the 
duodenum or stomach attaching itself to the 
hepatic duct above a stricture and a small and 
inadequate spontaneous fistulous canal being 
established between the two.” They were in 
all 4 cases not of sufficient size to prevent back 
pressure and jaundice. The phenomenon is 
both interesting and suggestive. There ap- 
pears to be a tendency on the part of the 
stomach and duodenum to attach themselves 
to the liver by means of adhesions, in the 
absence of a normal route for the flow of bile 
into the bowel, thus facilitating formation of a 
spontaneous biliary fistula into one or the 
other. 

The use of a buried rubber tube to bridge 
the gap: The possibilities of this method, and 
the principles involved constitute the main 
object of this study. 


REVIEW OF THE LITERATURE 


This type of operation was performed for 
the first time in 1905 by Jenckel of Munich. 


The patient, a woman, was operated on by 
Heinrich Braun for empyema of the gall bladder 
caused by a large solitary stone. The gall bladder 
was removed, the ducts did not appear to contain 
stones and were not opened. Five weeks later the 
patient developed jaundice and acholic stools. Eight 
months later, at a second operation, Jenckel found 
that the common duct was shrunken in its entire 
extent. The distance between the common hepatic 
duct and the duodenum amounted to about 8 
centimeters. Because of the distance and the pres- 
ence of numerous adhesions, a hepaticoduoden- 
ostomy appeared impossible. Jenckel inserted a 
rubber catheter into the larger of the two hepatics, 
the right one, and secured it there by a catgut suture. 
The lower end of the tube was laid on the duodenum 
and fixed to it by the method of Witzel’s gastrostomy 
technique, its end being turned into the lumen of 
duodenum through a stab wound. Bile from the left 
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hepatic duct was conducted outward along drains 
placed about it. The tube was removed digitally 3) 
days later and was replaced by another. In the re- 
moval, the duodenal wall was partly torn. This, 
however, seemed to favor the case. The duodenal 
mucosa proliferated so rapidly as to fill the edges of 
the wound. After a stormy course the patient had 
recovered and was reported as being entirely well 
4% years later. 


The remarkable feature of the case was that 
a rubber tube was substituted for the common 
bile duct and that apparently a new duct 
formed about it. Jenckel concluded that a 
new epithelial lining had grown in from the 
two ends, the hepatic and the duodenal. 

The next case in the literature is that of Jan 
Verhoogen of Brussels, reported by his assist- 
ant Van de Graeuwe in 1908. 


The patient, a woman, 49 years of age, was 
operated on by Verhoogen because of jaundice of ; 
months’ duration. Verhoogen found a neoplasm 
involving the gall bladder, cystic, hepatic, and the 
common bile ducts. These were resected together 
with the choledochus and a portion of the common 
hepatic. The resulting gap between the stump of the 
hepatic duct and the distal stump of the common 
duct amounted to 6 centimeters. Verhoogen intro- 
duced a rubber tube 1 centimeter thick into the 
lower stump and passed it upward toward the hepatic. 
Just before the tube reached the latter it was 
fenestrated, bent at almost a right angle and led 
outward. This arrangement made it possible for 
bile to flow partly into the bowel, partly to the out- 
side. The wound was carefully tamponed. The 
tampon was removed 5 days later, the rubber tube 
itself 12 days later. The patient was reported to be 
in excellent health 1 year later. 


Verhoogen likewise concluded that epithe- 
lial regeneration had taken place, in his case 
from the ends of the hepatic and the common 
bile ducts. He likened the regenerative capac- 
ity of the bile duct to that of the urethra, and 
thought that the enlargement of the duct 
above the constriction was a favorable factor 
in epithelial regeneration. 

Doberauer, in 1908, resected a carcinomat- 
ous growth involving the supraduodenal por- 
tion of the common bile duct, leaving a gap 
4 centimeters between the stump. As the ends 
could not be brought together, he introduced 
a rubber tube into the stumps securing it there 
by means of a few catgut sutures. ‘The duc! 
functioned for 3 months at the end of which 
time the patient succumbed to metastast 
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Doberauer mentions one other case in the 
literature, that operated on by Kehr in 1905 
and mentioned in his “Die Geuebte Technic 
der Gallensteinoperationen.” In Kehr’s case 
the gap, amounting to 6 centimeters, was 
bridged by a rubber tube sutured into the 
hepatic duct and introduced through a stab 
into the duodenum. The patient was well 2 
years alter the operation. In still another case 
reported by Liebold, Kehr approximated the 
posterior surfaces of the two ends with three 
sutures and then turned in a flap carved from 
the gall bladder to cover the defect in the 
anterior wall of the common duct. 

Voelcker did not consider it safe to leave the 
catheter in. In his first case he solved the 
problem by leading the catheter out of the 
duodenum through a second stab and leading 
it out on to the skin. 

Brewer, in 1910, reported 1 case and Wilms, 
in 1912, 6 cases, in which they employed the 
Jenckel procedure. The 2 last named authors 
have simultaneously adopted the step of allow- 
ing the buried tube to pass out of its own ac- 
cord. In German literature this procedure is 
frequently referred to as the Wilms-Brewer 
operation. Wilms could explain the success in 
his cases only on the basis of the ability of the 
epithelium lining the ducts to regenerate rap- 
idly along the prosthesis. McArthur, a pioneer 
in this work, particularly stressed the point 
that by constant duodenal and jejunal tug the 
catheter would ultimately be drawn into the 
intestine and be discharged per rectum. He 
reported eight successful choledochorrhaphies 
over a buried tube. 

Feist has collected 24 cases of primary heal- 
ing with the buried tube method up to 1925. 
To this number I have been able to add 18 
more cases from the literature considered as 
successes by their authors. A brief summary 
with the postoperative periods reported, fol- 
lows, Jenckel had 7 cases reported from his 
clinic by Gerlach as being well 814, 7, 614 
years later, and shorter periods. Wilms re- 
ports 6 cases well for periods of from 3 months 
‘012 months. Verhoogen (10), 1 case, 1 year; 
Mlessandri, 1 case, 614 years; Doberauer, 1 
tase, 3 months; Kehr (34), 1 case, 2 years; 
Propping, 1 case, 214 years; Hagyard, 1 case, 
6 months; Feist, 1 case, 12 months; Voelcker, 
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2 cases; Lobmeyer, 1 case; Huebsch, 1 case; 
Martin du Pau, 1 case; Simon, 4 cases; Kuem- 
mel, 1 case; Desplas, 1 case; Gernez, 1 case, 414 
years; and Mann, 1 case, well 5 months. 

Three years after the first operation by 
Jenckel and 1 year before its publication 
(Jenckel did not publish it until 1910), Arthur 
G. Sullivan (59, 60) reported the operation 
successfully carried out in 8 dogs. The fact 
that Sullivan was undoubtedly the first to per- 
form this operation in animal experiments, 
just as Jenckel was the first to perform it 
successfully in the human, suggests the pro- 
priety of calling it the Jenckel-Sullivan opera- 
tion rather than the Wilms-Brewer operation. 

The study of the cited cases prompts the 
following questions: Does a new duct form? 
Does the epithelium actually grow in to line 
the new channel? Does an ascending infection 
take place? What is the effect of a buried 
tube on the tissues? How long does the tube 
remain in situ? What happens after the tube 
passes? What are the end-results? It is only 
fair to state that the literature contains a 
number of reports recounting frank failures 
and condemning the method. Enderlen, Prop- 
ping, and Arnsperger were pessimistic about 
its value!. Magnus reported 3 consecutive 
failures with it, and Naegeli, 2. Brewer’s 
patient developed obstruction symptoms 2 
months after the second operation and died of 
cholemic bleeding. To these cases should be 
added those of Cahen and of Hagler, the pa- 
tients dying of liver abscesses 5 and 7 months 
after the operation. It is safe to assume that 
failures are less likely to be reported than 
successes, and that a number of cases originally 
reported as successes subsequently developed 
stenosis with its dire effects. 

Does a new duct actually form? Jenckel, 
Verhoogen, Wilms, Pels-Leuden, and others 
answer this question in the affirmative. The 
explanation according to them is to be seen 
in the extraordinary regenerative capacity of 
the epithelium of the extrahepatic bile tracts. 
The epithelium grows along the prosthesis 
from the stumps and forms a new epithelial 
channel. Verhoogen and Wilms see an analogy 
in the remarkable regenerative capacity of 
the epithelium lining the urethra. The same 
1See discussion in Zentralbl. f. Chir., 1923, 19. 
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opinion is expressed by Judd and Burden as 
late as 1924, in a paper in which they discuss 
the histological structure of the common bile 
duct. They state, ‘The lining epithelium of 
the common bile duct is possessed of extraor- 
dinary power of regeneration and quickly 
covers any break in its continuity; in fact it 
grows into and lines a new duct constructed 
from other tissue, as was shown experimentally 
by Horsley.” 

I shall attempt to answer the question of 
new duct formation, as well as the question of 
epithelial regeneration, on the basis of post- 
mortem evidence as well as on the basis of 
experimental data. In passing, I wish to quote 
an opinion advanced by W. J. Mayo (47) in 
1916. In discussing the various methods of 
reconstruction of the common bile duct, he had 
this to say concerning the Sullivan method: 
“This is by all means the simplest method of 
restoring the bile channel, but unfortunately 
the newly formed channel is not mucus lined, 
and we must expect that eventually contrac- 
tion will take place after the tube slips into 
the intestine, which will ultimately occur.” 

Does an ascending infection occur? 
my impression that more or less infection 
occurs in every case. It need not in every in- 
stance lead to liver abscesses, as in the cases 
of Cahen and Hagler, but that a variable 
amount of cholangeitis and hepatitis takes 
place is most evident from the frequent men- 
tion in the postoperative histories of these 
patients, of chills, fever, and jaundice. Jenckel 
and Wilms believe that formation of an oblique 
channel in the duodenal wall a la Witzel, will 
do much to prevent an ascending infection. 

The use of a buried tube apparently does 
not favor formation of stones, but that it may 
lead to pressure necrosis is evident from at 
least two cases. Thus Freund removed a pros- 
thesis which lay buried for 2 years and which 
led to stenosis of the papilla of Vater and 
caused attacks of jaundice and fever. Graff 
(cited by Feist) removed a tube in.a case in 
which, after 10 years of good health, it led to 
formation of liver abscesses. 

How soon does the tube pass? That depends 
principally upon the method of fixation and 
the kind of suture material used. There is no 
way of telling how long the tube remains in 
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the intestinal tract after it has passed into the 
bowel. In some instances the tube was 
vomited up. 

What happens after the tube passes, as well 
as the end-results themselves, cannot be 
accurately judged from clinical cases, reports 
of which are limited to short periods o/ ob- 
servation. The answer to these is closely 
linked with the question of whether new «ucts 
are actually formed, and whether these (ucts 
are lined by epithelium. 

From the evidence thus far educed, it is 
apparent that the much vaunted regenerative 
capacity of epithelium of the extrahepatic bile 
ducts is so far a conjecture rather than an 
established fact. There remain to be proved 
at least 2 facts, one, that new ducts have ac- 
tually formed, and, two, that these newly 
formed ducts were lined by epithelium. 


POSTMORTEM FINDINGS 


In the consideration of many a clinical 
phenomenon we naturally turn to postmortem 
findings for elucidation. A search of the litera- 
ture on this point brings to light 3 cases in 
which, after a reconstruction operation of the 
Jenckel-Sullivan type, a postmortem examina- 
tion was made. In one of these a histological 
study of the new duct was made. 


CasE1. This case was reported in 1913 by Cahen. 
Cahen performed a cholecystectomy in a woman for 
a fibrotic gall bladder containing numerous stones. 
The common duct was explored and a tube inserted. 
A biliary fistula resulted. The fistula closed at 
times giving rise to chills, fever, pain, and vomiting. 


At a second operation, 7 months later, Calicn found 
a complete stenosis of the common duct. ‘Ihe pa- 
tient’s condition on the table was desperaic. Num- 
erous adhesions and the extent of the gap between 
the hilus of the liver and duodenum made « direct 


anastomosis impossible. Cahen sutured « rubber 
tube into the common hepatic and intro \uced its 
distal end into the stomach a Ja Witzel. ‘I he tube 
was vomited up about 1 month after the ojcration. 
There was an improvement as to symptouis for 4 
short time, later followed by diarrhoea, loss 0! 
weight, and asthenia. Death took place . months 
after the operation. 


Autopsy revealed that death was duc ‘o liver 
abscesses. In the duodenum, 1% centimeters away 


from the pylorus, there was found a round opening 
about 4 millimeters in diameter. When a sound was 
passed, it led into the common hepatic duct. The 
papilla of Vater could not be found. The 'stula be- 
tween the hepatic duct and the stomach was com 
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pletely obliterated. Instead there developed a 
communication between the hepatic duct and the 
duodenum. 


Cahen believes that the tube had wandered 
away from the stomach after the catgut su- 
tures had absorbed. The free end of the tube, 
according to him, now impinged upon the 
duodenal wall and caused a decubitus ulcer. 
After the expulsion of the tube from the 
stomach the oblique canal in the latter became 
obliterated and the bile found its way into 
duodenum through the ulcerated portion. The 
newly formed adhesions pulled up the duode- 
num close to the liver hilus. When we recall 
Lahey’s experience with formation of spon- 
taneous internal biliary fistulas, we feel that 
Cahen’s exploration is perhaps unnecessarily 
complicated. The essential feature is the 
presence of adhesions which brought the 
duodenum up to the mouth of the hepatic 
duct. The formation of communication be- 
tween the two was perhaps nothing more than 
the formation of a spontaneous internal biliary 
fistula when the anastomosis between the duct 
and the stomach become obliterated. Adhe- 
sions have approximated the common hepatic 
duct and duodenum and the effect of bile 
completed the formation of an anastomosis 
between the two. In other words, nature had 
apparently performed a sort of hepaticoduo- 
denostomy. Cahen does not believe that 
epithelization of the new channel takes place. 
He feels that nature plays an important part 
in the reconstruction by pulling up the duode- 
num to the hilus of the liver through newly 
formed adhesions, thereby materially short- 
fe the gap. No histological study was 
made, 


The second case reported was that of 
Desplas. 


He resected the hepatic duct for a malignant 
tumor of pancreatic origin. He inserted a Pezzar 
rubber catheter into the left hepatic without suturing 
it there. The distal end was introduced into the 
stomach, thus leaving from 8 to 10 centimeters of 
the tube running exposed in the peritoneal cavity. 
The exposed tube was covered by omentum. The 
patient recovered from jaundice and gained in 
weight. Later cachexia and ascites developed be- 
cause of the presence of a malignant growth but 
jaundice did not return. Exitus took place 152 days 
after the operation. 


ostmortem examination revealed a large tumor 
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of the head of the pancreas. The duodeno-pylorus 
was adherent to the left biliary pedicle. Stomach, 
liver, pancreas, and duodenum were removed en 
masse. When the stomach was opened, the tube was 
found to have passed as far down as the third portion 
of the duodenum. Between the duodeno-pylorus 
and the hilus of the liver there had formed a fibrous 
channel which was found to be intact and which 
permitted the passage of a sound. Apparently, there 
had formed about the Pezzar catheter a fibrous 
channel establishing an anastomosis between the 
liver and the stomach. The stomach and the duo- 
denum were pulled up by adhesions and adhered 
to the liver hilus. 

Histological examination of the new hepatogastric 
channel revealed that its proximal portion toward 
the hepatic pedicle possessed an epithelial lining of 
the typ: of hepatic mucosa. The distal portion of 
the duct was lined by a mucosa containing Brunner’s 
glands and resembling that of duodenal mucosa. 
One-half of a centimeter of its middle portion con- 
tained no epithelial lining, it was made up of con- 
nective tissue ‘fibers only. In the liver were found 
biliary abscesses. 

In the discussion Gernez related necropsy 


findings in his own case (third case). 


He operated on a man 69 years of age, because of 
chronic jaundice. The gall bladder, cystic and the 
common ducts were replaced by fibrous tissue up 
to the common hepatic. Gernez inserted one end of 
the tube into the common hepatic duct, the other 
into the stomach. The patient was in good health 
for 4% years, at the end of which time he developed 
jaundice and died. Postmortem examination re- 
vealed obliteration of the midportion of the new 
channel. No histological examination was made. 


The findings in the 3 cases suggest that the 
most important factor in the favorable out- 
come is played by nature itself. I have again 
reference to the formation of adhesions which 
result in pulling up of duodenum and stomach 
to the liver. This materially shortens the gap 
between the two, bringing about a sort of 
hepaticoduodenostomy or choledochoduode- 
nostomy or gastrostomy. 

In only 1 case, that of Desplas, was a histo- 
logical examination made. When one con- 
siders that the new channel was relatively 
short, the fact that its midportion was still 
devoid of epithelium 152 days after the opera- 
tion, does not suggest much regenerative 
power on the part of the latter. It would be 
difficult under the circumstances to say 
whether the epithelium in its upper and lower 
portions was newly formed or old. In the 
third case stenosis took place in the mid- 
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portion of the new channel, probably because 
it contained, as in the case of Desplas, connec- 
tive tissue only. 


EXPERIMENTAL DATA 


Sullivan (59, 60) was undoubtedly the first, 
in 1908, to perform in dogs the operation of 
uniting the common hepatic duct with duode- 
num by means of a buried rubber tube. His 
technique was as follows: the common duct 
was cut across and a rubber tube was intro- 
duced into and up into the common hepatic 
duct, and secured there by a stitch on either 
side. The tube ran freely in the peritoneal 
cavity down to the upper border of the first 
portion of duodenum to which it was secured 
after the manner of Witzel’s gastrostomy. Its 
end was introduced into the lumen of duode- 
num through a stab wound. The exposed tube 
was covered by an omental flap. He had 
operated in this manner upon 8 dogs without a 
single mortality. Although he had 8 available 
animals, Sullivan subjected only 1 to a his- 
tological examination. This specimen was 
removed from a dog 10 days after the opera- 
tion. His pathologist reported that, ‘‘the mu- 
cosa had grown upward from the duodenum 
and downward from the duct into the new 
formed tube. In its middle portion its walls 
are made up of peritoneal tissue.” 

Enderlen and Usti, in 1911, produced de- 
fects in the gall bladders of rabbits and dogs 
and covered them with an omental graft. 
After 19 days the graft was found to be com- 
pletely covered by new epithelium. About 
this time formation of glands was noted. The 
new epithelium was of a low cuboidal type but 
later became high cylindrical. The graft 
showed connective tissue proliferation which 
later underwent contracture. 

Arnsperger and Kimura, of Wilms’ clinic, 
performed, in 1912, the Sullivan operation in 
dogs. The tube usually passed about the 
thirty-fifth day. Their animals died of peri- 
tonitis caused, in their opinion, by premature 
passage of the tube, bile leakage, or perforation 
of the new duct at a point at which the omen- 
tal flap was not well applied. All of the animals 
developed a stenosis at the point where the 
new channel entered the duodenum. Only 1 
dog did not develop obstruction and jaundice, 


and this one died of pneumonia 30 days after 
the operation. They state that epithelization 
did take place in some of the dogs, but do not 
mention any histological study. Gross insjec- 
tion is obviously no reliable criterion. 

In 1913, C. B. Davis and Dean Lewis made 
in dogs tubes of fascia taken from the sheath 
of the rectus muscle, and placed them about a 
defect in the common duct. In their {irst 
series 3 dogs survived 2 months. In a dog 
which survived 65 days, stenosis took jlace 
at the duodenal end. The fascia remained 
alive in all cases. The histological report 
was to come later. 

In 1918, Horsley attempted in dogs to sub- 
stitute an everted external jugular vein for 
the common bile duct. The vein was stitched 
to the common hepatic, and the distal end 
was introduced into the duodenum by a sort 
of modified Witzel technique. He opcrated 
in this manner on 16 dogs. Most of the animals 
died of bile leakage at the suture line of the 
duct with the vein. Horsley considered the 
final results unsatisfactory and invoked a 
biological law to explain the contracture which 
took place in every case in which the dog 
survived the operation. The irritating effect 
of bile upon tissues not adapted to it caused 
inflammation with subsequent contracture. 
In spite of the discouraging results Horsley 
states, “That epithelium does grow at least 
over a portion of the reconstructed duct is 
shown in one section (23 days old). Columnar 
epithelium has grown a considerable <istance 
over on the transplanted vein.”’ 

Somewhat more ambitious experiments ac- 
companied by photomicrographs of histo- 
logical sections were reported by Seulberger 
and Poellwein in 1926. These authors made 
three groups of experiments: In group |, 
anterior defects in the choledochus covered by 
omentum, they did not observe the slightest 
trace of epithelial regeneration in specimens 
3, 91, and 113 days old. The defects were nol 
very large. In groups 2 and 3, cholecdocho- 
gastrostomies and choledochoduodenostomles 
a la Sullivan, the newly formed ducts invaria 
bly became stenosed. No epithelization was 
noted in the granulation tube even in spect 
mens 100 days old. 

Latteri (39, 40) believed that diverting the 


f 
a 
( 
b 
R 
3 
& 
pl 
CO 
liz 
a hit 
| 
qu 
re] 
of 
att 
‘ 
26 
= 
the 
sho 
} 
as 
ag: 
4 


HAL 'ERIN: REGENERATIVE CAPACITY 


flow of bile away from the common duct 
wou! favor healing of defects. He performed 
a se es of experiments in dogs in which a 
met: ic tube was introduced into the common 
duct through a small incision in the gall 
bladi or. The tube could be removed at a 
later ate by means of a string attached to it. 
By means of two tight ligatures a portion of 
the common duct was caused to undergo 
necro-is. This area was covered by an omental 
graft. The tube was removed from 3 weeks to 
2 mouths later. The animals were sacrificed 
3 to 4 months after the operation. In 6 of 7 
dogs the regenerated duct exhibited a com- 
plete mucosal lining. In spite of it, all of the 
ducts exhibited marked narrowing with dilata- 
tion above. 

In a second series Latteri utilized the 
trachea of a guinea pig, of a lark, and a pigeon 
quill to bridge a 1 centimeter defect in the 
common duct of a dog. In 7 experiments the 
prosthesis passed of its own will, and epithe- 
lization took place. 

Museneeck’s experiments published in 1926, 
represent a distinct advance. He operated on 
a larger number of dogs than any one before 
him. Museneeck emphasized the fact that the 
duodenum was found in each postmortem 
examination to be plastered against the liver. 
Curiously enough this phenomenon emphas- 
ized by Cahen in a clinical report in 1913 was 
not observed in animal experiments until the 
reports of Museneeck. 

Museneeck operated on 53 dogs. In a group 
of 25 he attempted vein transplantation. The 
results were so poor as not to justify an 
attempt at analysis. 

In another group of 28 dogs he made cuff 
excisions in g, and in the rest either a typical 
ora modified Sullivan operation. His mortal- 
ity was high. In a group of 7 Sullivan opera- 
tions, 6 died of peritonitis between the third 
and ninth postoperative days. Of 28 animals, 
20 developed stenosis, and in these there was 
not found a trace of epithelization. In only 2 
logs did there not develop a stenosis. Muse- 
heeck was much impressed by the fact that in 
these two the tubes remained in situ. ‘They 
showed no infection of bile. The duodenum, 
asin the rest of his animals, was plastered up 
‘gainst the liver. The “new ducts’? were 
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Fig. 1, aand b. ‘Technique of application of tube. 


therefore quite short, about 2 centimeters in 
length. They were lined by epithelium, but 
whether this was new or old epithelium 
brought together, the author did not feel cer- 
tain. He was not sure that one was justified in 
speaking of a ‘‘new duct.”’ So long as the tube 
remained in situ, the danger of stenosis was 
lessened. He would therefore advise that the 
tube be made to stay in as long as possible. 
PERSONAL EXPERIMENTS 

A comparison of results obtained in recon- 
structive work on the bile ducts in the two 
fields, the clinical and the experimental, reveals 
that they were much inferior in the latter. 
The reason assigned was the smallness and the 
delicacy of these structures in the experi- 
mental animal. While this is true, it may be 
pointed out that while the surgeon is fre- 
quently called upon to operate in the presence 
of bafiling adhesions, cholemic bleeding, and 
inflammatory states, the experimenter is 
always operating in a clean field and upon 
normal structures. Schrager and Ivy have 
correctly pointed out that a special knowledge 
of conditions as they obtain in a dog, and an 
adoption of a suitable technique are just as 
essential to success here as elsewhere. 

The number of successful experiments in 
any one report was too small to justify draw- 
ing conclusions therefrom. Frequently post- 
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Fig. 2. Transverse section, dog 8. 


mortem examinations lacked accuracy, and 
only in a few instances were there histological 
examinations made. Sullivan subjected to a 
histological study only one specimen, although 
he had 8 surviving animals. For some rea- 
son he had the specimen removed on the 
tenth postoperative day—-a period entirely 
too brief to test the regenerative capacity of 
epithelium. The pathologist’s report is am- 
biguous on the crucial point. He states that 
the midportion of the new duct consisted of 
peritoneal tissues, whereas the question in 
point is whether or not this tube of peritoneal 
tissue (omentum) was lined by epithelium. 
Horsley submitted one “new duct” (23 dogs) 
to a histological study, and declared that it 
was at least partly lined by new “columnar” 
epithelium. Young epithelium is cuboidal; 
columnar epithelium suggests mature cells. 
Seulberger and Poellwein do not state the 
exact number but seem to have made a histo- 
logical study of several specimens. These 
authors have not observed any effort on the 
part of the epithelium to proliferate. 
Museneeck operated on more dogs than any 
experimenter in the field before him. His 
postmortem observations were characterized 
by greater accuracy. He did not miss the 
importance of adhesions and reports that the 
duodenum in every case was adhered to the 
liver. On the other hand, Museneeck, together 
with the rest of the experimenters, apparently 
never observed a duodenal ulcer, though he 
had an unusually large number of postopera- 
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Fig. 3. Transverse section, dog 21. 


tive stenoses of the bile duct. In my ai mals 
the incidence of duodenal ulceration « .ong 
those exhibiting varying degrees of bile duct 
stenosis was very high. 

An attempt was made in my own w:rk to 
obtain a sufficiently large number of suc: vssful 
experiments to justify drawing concl sions 
therefrom. By a successful experiment | mean 
one in which the animal survived a | ypical 
operation, was allowed to live a suitable jeriod 
of time, and was sacrificed at will. A «areful 
postmortem examination completed ea: |i suc- 
cessful experiment. [have operated on 1 5 dogs 
and can report on 28 completed experiments. 

The incidence of peritonitis, of deat! from 
bile leakage, of ascending infection lea: ing to 
liver abscesses, was very high in the be: nning 
of my work. Dogs are undoubtedly ver: sensi- 
tive to spilling of bile in the peritonea! avity. 
A number of them died of bile leakag« within 
the first 24 or 48 hours without dev ‘oping 
signs of peritonitis. As the work pr«. ressed 


the ducts became considerably larger id the 
postoperative mortality was reduce: to an 
insignificant minimum. The use of nm butal 


anesthetic (Abbott) adopted in ti _ later 
period of my work, proved an importa’ {actor 
in the reduction of anesthetic fatalit 


Experiments were planned so as | throw 
light upon the ability of ductal epith um to 
proliferate and fill in large longitudin: _ letects 
(Group I), small longitudinal defect: -_ 

sis an 


II), as well as to grow along a prost! 
fill in a transverse gap (Groups IIIa — IV). 
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